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LETTER  OF  TRANSMITTAL. 


Mr.  JaiiH's  F.  ^^'ood^vanl, 

Secretary  ot  Internal  AH'airs; 

I have  the  honor  to  transmit  herewitli  the  inanuscript  and  illustrations  tor  a pajter  descrihinp- 
the  oil  resources  in  coals  and  carhonaceons  shalc'^  of  Pennsylvania  by  Fharles  R.  Fettke,  Assoriate 
Professor  of  Oeology  and  Mineralogy.  Carnegie  Institute  of  Technology'. 

It  is  yvell  recognized  today  that  the  snjiply  of  oil  from  oil  wells  is  limited  and  is  rapidly  being 
exhausted.  As  the  sii])ply  from  this  source  declines,  recourse  must  be  had  to  other  soui'ces  of  oil. 
These  other  sources  are  the  bituminous  coals  and  oil  shales.  The  ]iai*ei-  herewith  snbmitt(*d  describes 
some  veiw  complete  studies  of  the  coals  of  Pennsylvania  and  of  such  carbonaceous  shales  as  seem 
to  offer  possibilities  for  oil  production. 

Respectfully. 


May  1923 


State  Geologist. 


Pennsylvania  Geological  Survey 


PLATE  I 


A.  Dump  of  spent  cannel  coal  and  shale  at  site  of  old  “coal  oil”  distillery,  Cannelton,  Pa. 


B.  Mine  and  oil  distillation  plant  of  Gatlin  Shale  Products  Company,  miles  southwest  of 

Elko,  Nevada. 


IV 


TABLE  OF  CONTENTS 


Introduction  ^ 

Chapter  I.  Tlie  petroleum  situation  

Petroleum  resources  of  the  United  States  and  the  world 

Composition  of  petroleum  4 

Petroleum  products  and  their  use's  

Future  outlook  for  petroleum  products  

Chapter  II.  Substitutes  for  petroleum  products  1- 

Oils  and  tars  from  the  carbonization  of  bituminous  coal Pd 

Oils  and  tars  from  cannel  coal  and  shale  

C)ils  and  tars  from  lignites  ‘d.j 


Peat  tars  -I 

Shale  oils  d5 

Alcohol  as  motor  fuel  31 


Chapter  III.  By-products  from  coal  ami  shale  carbonization •>•’■ 

Ammonia  

Oas  do 

Spent  material  

l!y-proilucts  from  coal  and  shale  oils  and  tars  ‘>i 


Chapter  IN'.  The  occurrence,  composition,  and  origin  of  coal  and  carbonaceous  or  idl  shale  deposits  AS 

Chapter  V.  Coal  and  carbonaceous  shale  deposits  ot  Pennsyh  ania  "13 

Stratigraphy  of  Pennsyhania  coals  -H 

Geologic  structure  d.'. 

Notes  on  deposits  sampled  and  tested  (arranged  by  counties)  d(! 

Conclusions  74 


Chapter  N'l.  ^Methods  of  testing  coals  and  shales  74 

Sampling  74 

Crushing  74 

Carbonization  tests  74 

U.  S.  Bureau  of  Mines  oil  shale  assay  retort  7 1 

1800  and  3500  c.  c.  capacity  retorts  77 


Chapter  VII.  Results  of  c.-irbcnization  tests 


s;l 


Chapter  N'lll.  t.'umpositiou  of  oils  and  tars  

Chapter  IX.  Ammonia-yield  tests  


Chapter  X.  Comparative  yields  of  oil  and  tar  from  coals  and  shales,  ami  the  distribution  of  the  nitrogen  and  snlplmr 


among  the  products  of  carbonization  Ih' 

Chapter  XI.  Low  temperature  carbonization  of  semi-bituminous  coal  114 

Inde.v  Ill) 


LIST  OF  ILLUSTRATIONS 


PL.VTE 


A.  Itump  of  spent  cannel  coal  ami  shale  at  Cannelton.  Pa.; 
Company.  Elko.  Xev 


1!.  Plant  of  ('atlin  Shale  Products 
Frontispiece 


I’LATE  II. 


A.  Photomii-rograph  of  bituminotis  <-oal  showing  woody  tissue;  P>.  Pliotomicrograph  of  bituminous 
coal  showing  flattened  spores;  C.  Photomierogr.-iph  of  cannel  coal;  I >.  Photomicrograph  of  cannel 

shale  


40 


ILLUSTRATIONS 


Page 

PLATE  IJl.  A.  ( 'aimel  cual ; I;!.  Bituminous  coal  41 

PL/vTE  n’.  A.  I'liotonuci'ogi-aiili  of  eannel  coal:  B.  Photomicrogi-aph  of  cannel  shale;  C.  Photomicrograph  of 

oil  shale,  Ky. ; I >.  Photomicrograph  of  oil  sliale,  Utah  56 

PL.vTE  \'.  A.  Mouth  of  Paragon  Coal  & Coke  Coinpany’s  drift  at  Cannelton,  I’a. ; B.  Cars  of  cannel  coal  at  tip- 
ple of  same  company  57 

PLATE  IM.  l'i<'ws  showing  appearance  of  6500  e.  c.  retort  and  accompanying  apparatus  as  set  up  in  laboratory  ....  78 

Figure  1.  Petroleum  production  curve  for  the  United  States,  1859  to  1920  inclusive  2 

Figure  2.  Coal  production  curve  for  the  United  States,  1859  to  1920  inclusive  2 

Figure  3.  IMap  of  Pennsylvania,  showing  distribution  of  coals  liy  fuel  ratios  43 

Figure  4.  Map  of  Pennsylvania,  showing  location  of  samples  tested  46 

Figure  5.  Map  showing  extent  of  Upper  Freeport  cannel  shale  deposits,  northeastern  Allegheny  County  47 

Figure  6.  Map  showing  extent  of  Upper  Kittanning  cannel  coal  deposit,  northern  Armstrong  County  51 

Figure  7.  'Three  sections  of  Upper  Kittanning  bed  and  cro ss-sec-tion  of  deposit  as  developed  in  the  No.  9 mine  of 

the  Pine  Run  Coal  Company  at  Bostoiiia,  Armstrong  County  52 

Figure  8.  Map  showing  extent  of  Lower  Freeport  cannel  sliale  deposit  in  the  vicinity  of  Kiskiminitas  Junction,  Pa.  54 

Figure  9.  Map  showing  extent  of  Upper  Kittanning  cannel  coal  deposit  at  Cannelton,  Bea\er  County,  Pa 56 

Figure  10.  Sketch  map  of  Wistar  Coal  Corporation's  drifts  at  Cannelton,  Pa.  as  developed  in  1918,  and  several 

sections  of  the  cannel  coal  57 

Figure  11.  Map  showing  outcrop  of  cannel  coal  and  shale  at  what  is  probably  Upper  Kittanning  horizon,  central 

Butler  County,  Pa 61 

Figure  12.  U.  S.  Bureau  of  Mines  oil  shale  assay  retort  75 

Figure  13.  l>iagram  showing  U.  S.  Bureau  of  Mines  oil  shale  assay  retort 75 

Figure  14.  Diagram  showing  3500  c.c.  retort  and  aecomi}anying  apparatus  77 

Figure  15.  Diagram  showing  distillation  apparatus  set  up  for  obtaining  vacuum  fraction  99 

Figure  16.  Diagram  showing  apparatus  used  in  the  determ  illation  of  ammonia  yields  109 


\T 


OIL  RESOURCES  IN  COALS  AND  CARBONACEOUS  SHALES 

OF  PENNSYLVANIA 


INTRODUCTION. 


I’etroleum  in  i-cnnit  yrai:?  has  hccuiua  one  ot 
the  basic  necessities  in  tlie  life  of  tlie  nation. 
This  has  come  about  largely  through  the  dev(Uop- 
ment  of  the  internal  combustion  engine  and  the 
substitution  of  oil  for  coal  as  fuel  in  steam 
plants.  Ib'troleum  now  stands  second  in  value 
among  the  mineral  products  of  the  United 
States — coal  being  first.  In  Ibl'O  the  United 
States  produced  4dd,40l*,000  barrels,  of  42  gallons 
each,  valued  at  .fl ,;:(;o,m)0,(»t)0.i 

Petroleum  and  the  products  <lerived  from  it 
have  become  so  intimately  int('r\voven  witli  tiie 
industrial,  commercial,  and  social  faitric  of  the 
nation  that  it  is  extrcauely  dihicult  to  imagine 
how  we  could  ]>ossil)ly  disjtense  with  them.  4’lie 
present  era  has  frecpiently  been  sjioken  of  as  the 
•‘Age  of  I’eti'ohaim.”  Unforl uuatcly  the  unmiued 
reserves  of  this  great  natural  i-esource  in  tlie 
United  States  are  being  ra})idly  depleted,  and  one 
of  the  proldems  that  will  have  to  be  faced  within 
the  next  decade  or  two  will  be  tlie  finding  of 
substitutes  for  petroleum  products  in  continually 
growing  quantity. 

Coal  and  so-called  oil  shales,  when  subjected 
to  low  temperature  destructive  distillation  or  car- 
bonization, yield  oils  which,  in  some  respects,  are 
similar  to  petroleum.  Substances  can  be  obtained 
from  these  oils  that  in  many  instances  will  ans- 
wer the  same  ])urposes  as  those  now  derived  from 
]ietr(deum.  Coal  and  oil  shales,  which  are  rich 
in  organic  matter,  have,  therefore,  attracted  con- 
siderable  attention  in  recent  years  as  a possible 
future  source  of  such  substitutes. 

On  account  of  the  importance  and  enormous 
]iossibilities  of  such  an  industry  in  the  compar- 


atively m*ar  future,  the  Topographic  and  OcoT 
ogical  Survey  of  Tennsylvania  in  I'JIT,  through 
Richard  R.  Ilice,  then  State  <!eologist,  engaged 
the  writer  to  gather  tln^  data  and  prejiare  a re- 
port on  the  oil  possildlities  of  the  coals  and 
carbonaceous  shales  of  the  Stale.  Uield  work 
was  begun  early  in  the  spring  of  UJIS  ami  pre- 
Ji  mi  nary  tests  on  the  samples  collecteil  were 
started  that  fall,  but  stopi»ed  by  lack  of  funds. 
The  work  w as  taken  up  again  early  in  1!I2(I  under 
the  direction  of  Ceoi-ge  11.  Ashh'v,  the  [tresent 
State  Ceologist. 

Th('  necessary  (‘xperiments  in  connection  with 
the  investigation  have  been  conducted  in  the  geol- 
ogical and  mineralogical  laboratories  of  the  Car- 
negie Institute  of  Technology,  of  Rittsbui-gh.  For 
assistance  remhu-ed  in  carrying  on  the  work,  the 
writer  wishes  to  exjness  his  thanks  to  the  (twners 
and  otticers  of  tiu'  v.arious  companies  whose  mines 
wei-e  \isited  during  the  course  of  tlu'  inv('stiga- 
tion.  Me  is  also  greatly  indebted  for  many  valu- 
able suggestions  to  the  numerous  fellow-workers 
at  present  engaged  in  the  study  of  oil  shales, 
•with  whom  he  has  had  an  o])]iortuuity  to  discuss 
some  of  th('  ]u-oblems  involved,  particularly 
IMessrs.  .1.  D.  Davis.  IMartin  J.  (iaviii,  Lewis 
Karrick,  ajid  Dr.  Reinhardt  Thi(>ssen,  of  the  I". 
S.  Bureau  of  INIiues.  Lc'slie  IT.  Shaiqv  of  the  Col- 
orado Co-operative  Oil  Shale  Laboratory.  Pi‘of(‘S- 
soi‘  R.  D.  Ceorge.  State  Ceologist  of  Colorado, 
Professor  Arthur  .T.  Fi-auks,  of  the  Colorado 
School  of  Mines,  and  C.  L.  Jones,  of  tin*  ^l(dlon 
Institute  of  PittsbiiT'gh.  Through  a coo]>erative 
agreement  with  the  Pittsburgh  Station  of  the 
U.  S.  Bureau  of  Mines,  proximate  and  ultimate 


1.  Preliminni'y  Sninninry.  U.  S.  (teol.  Survey  Mincr.nl  Ro  .sources.  tOgO,  p.  Ot , 1021. 
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analyses  of  eleven  samples  of  coal  and  slialc 
w(*re  made  for  the  writer  in  the  coal  lal)oratori('S 
of  that  organization. 

CHAPTER  I. 

THE  PETROLEUM  SITUATION. 

In  order  to  discuss  intelligently  the  possibili- 
ties of  the  commercial  development  of  an  oil  in- 
dustry based  njton  the  carbonization  of  coals  and 
sliales,  an  nnderstanding  of  the  present  petrol- 
(Mim  sitnation  is  necessary.  For  that  reason  a 
brief  survey  of  the  magnitude  of  the  petroleum 
industry  in  the  United  States,  as  well  as  the 
size  of  the  unmined  reserves  upon  which  it  can 
expect  to  draw  in  the  future,  are  ineluded  in 
this  report.  Some  knowledge  of  the  ])ro]ierties  of 
jietroleum  and  of  the  various  ])roducts  derived 
from  it  and  of  their  uses  is  also  essential. 

Petroleum  Resources 
of  the  United  States  and  the  World. 

The  rapid  increase  in  the  demand  for  petroleum 
and  its  ])roduets  during  the  past  two  decades  is 
well  brouglit  out  by  the  production  curve  shown 
in  Figure  1.  ])r(‘])ared  from  statistics  published  b>y 


Figure  1.  Petroleum  production  curt  e for  the  Thiited 
States,  1850  to  1020  inclusive. 


Figure  2.  Coal  production  curve  for  the  United  Stalc.s. 
1859  to  1920  inclusive. 


the  United  States  Ceological  Survey.  For  the 
sake  of  compairson,  Figure  2,  showing  the  total 
production  of  coal  in  the  finited  States  during 
the  corresponding  period,  has  been  introduced, 
in  spite  of  the  fact  that  the  oil  wells  of  the 
United  States  in  1:)20  yielded  a total  of  4-13,402.- 
000  barrels  the  supply  was  not  sufficient  to  satis- 
fy the  demand  and  100,17.4,289  barrels  of  crude 
were  imported.^ 

An  eutstanding  feature  of  the  petroleum  curve 
is  the  sharp  increase  shown  in  the  rate  of  pro- 
duction which  occurred  at  the  beginning  of  the 
l)resent  century,  coincident  with  the  appearance 
of  the  automol)ile,  and  which  has  continued  with 
only  minor  fluctuations  to  the  present  day.  A 
comparison  with  the  curve  for  coal  shows  that 
its  consunpition  has  also  increased  rapidly  dur- 
ing the  same  time,  due  to  the  enormous  indus- 

1.  PreliniiTiary  Summ.urv,  TI.  ,S.  Gcol.  Survey  Mineral 
Resources,  1920,  p.  92,  1921. 
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trial  expansion  in  the  United  States ; with  this 
difference,  that  the  shar[»  increase  antedates  that 
of  petroleum  b}'  at  least  two  decades.  The  fluc- 
tuations in  coal  production  from  year  to  year 
are  also  much  more  pronounced  than  those  of 
pcdroleum,  due  undoubtedly  to  the  fact  that  dui'- 
ing  times  of  business  deju’ession  a coal  mine  can 
be  shut  down  while  an  oil  well,  that  has  unci' 
been  brouglit  in,  or  an  oil  field,  wliosi'  devidop- 
ment  has  been  commenced,  cannot  cease  produc- 
tion without  serious  financial  loss. 

The  petroleum  production  of  the  United  States 
in  all  probability  will  reach  its  crest  within  the 
next  five  years,  if  it  has  not  already  done  so,  and 
a gradual  decline  may  be  expected,  due  to  the 
rapid  de]»letion  of  the  unmined  reserves;  while 
there  is  no  reason  to  believe  that  the  annual  pro- 
duction of  coal  will  not  continue  to  increase  for 
a long  time  to  come,  as  the  nation’s  industrial 
resources  are  still  further  develojied  and  popii 
lation  increases.  Tlie  coal  reserves  are  many  times 
greater  than  those  of  petroleum. 

Estimates  made  by  a committee  com])osed  of 
members  of  the  Annudean  Association  of  Petrol- 
eum Ueidogists  and  of  the  Ignited  States  Oeolo- 
gical  Survey,  place  the  uumiued  reserve  of  petro- 
leum, recoverable  by  methods  now  in  use,  that 
still  remained  in  this  country  on  .Tanuary  1,  1922 
at  nine  billion  barrels  in  I'ound  numbers.  Of  this 
total,  five  billion  barrels  may  be  classified  as  oil 
in  sight  and  four  billion  barrels  as  prospective 
and  possible.  iMore  than  foui*  billion  barrels 
should  be  assigned  to  the  heavy  oil  grouj).  while 
the  remaining  five  billion  barrels  may  be  classed 
as  so-called  ])araffin  oil  of  medium  and  high 
grade. 

At  the  present  rate  of  consumption  the  esti- 
mated reserve  would  last  only  twenty  years  if 
the  oil  could  be  taken  out  of  the  ground  as  fast 
as  it  is  wanted.  This  is  not  possible,  however. 


because  many  wells  drilled  now  or  in  the  future* 
cannot  be  pumped  dry  within  that  interval,  nor 
will  all  of  the  still  undiscovered  and  undevclo|)('d 
oil  pools  lie  found  within  that  period.  Althotigh 
a marked  d(‘(dine  in  tin*  production  will,  there- 
fore, take  ]dace  in  the  near  future,  oil  will  be 
])i'oduced  fi'om  wells  in  the  United  States  for  a 
long  tiui(‘  to  come  but  in  steadily  diminishing 
ipiautiti(‘s.  This  constantly  increasing  difference 
between  production  and  demand  will  have  to  be 
taken  caia*  of  by  niori*  efficient  utilization  of  the 
))etroleum  produced,  by  the  importation  of  larg(*r 
ipiantitics  of  oil  from  foreign  sources,  and  by 
the  ])roduction  fi'om  othei'  sources  of  products 
now  derix'^ed  from  petroh*uni.  Substifutes  may  be 
derived,  for  example,  by  the  recovery  of  oils 
through  the  carbonization  of  coals  and  oil  shales, 
of  both  of  which  the  United  States  possesses 
enormous  reserves. 

It  must  also  be  kept  in  mind  that  the  above 
estimat(‘d  I'esi'rves,  which  are  based  ujiou  ]ires(>nt 
Tuodes  of  jiroduction.  can  be  greatly  increased 
bv  more  efficient  methods  of  recov(‘ry.  T.ewis^ 
believes  that  the  recovery  in  the  past  has  been 
less  than  20  jier  cent  of  the  total  oil  sand  con- 
tents and  that  this  can  be  increased  by  at  least 
half  and  perha]is  by  as  much  again  as  is  now 
pi'oduced.  This  will  of  coursi*  greatly  increase 
the  available  reserves. 

In  connection  with  estimates  that  have  been 
made  for  the  Tdiited  States,  it  is  interesting  to 
note  that  White-  believes  that  ttiere  are  still 
available  the  xvorld  ov(‘r  about  00  to  TO  biilirm 
ban-els  of  iietroh'um,  about  half  of  which  occurs 
in  the  West(U‘n  llemis)ilu*r(>.  Thesi*  figures  are 
based  on  data  gathered  by  himself  and  colleagues 
on  the  U.  S.  Geological  Survey.  The  world’s 
production  of  crude  ju'troh'uiu  in  1919  was  .i1  1.- 
SS.'.OOO  barrels,  of  which  977.719.000  or  09  ]M*r 
cent  was  jiroduced  in  the  Ignited  States.-’’ 


1.  i.ewis  .T.  ()..  .tnipi'ic.'i's  Petrolpnm  Problpins,  .Tour,  of  flip  Franklin  Institntp.  t'ol.  101.  i>p.  n.ai-.oO.  10_1 

2.  WhitP,  David.  Tlip  Potrolpiim  Resonrees  of  flip  AYorld,  Annals  of  flip  Am.  Acad,  of  Political  and  Sopi.al  Science 
Vol.  SO.  pp.  111-104.  1920. 

Tlip  Oil  Supply  of  the  AViold.  Ens.  and  Min.  .Tour..  A'ol.  ll.g.  )ip.  l.'ta-l.pC).  19--. 

.1.  Preliminary  .Snininar.v.  T'.  S.  Ocol.  Snrvc.v  Atinp  ral  Rcsonrccs  1920,  p.  92.  1921. 
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Composition  of  Petroleum.’ 

Crude  petroleum  is  a naturally  occuriug  licpiid 
eoiisistiug  priiu’ipally  ot  a number  of  series  of  hy- 
drocarbons, belonging  to  the  aliphatic,  aromatic, 
and  hydroaromatie  or  naplithene  groups,  with  ad- 
mixtures of  sul[)liur,  nitrogen,  and  oxygen  deriva- 
tives in  coni])arative]y  minute  proportions.  All 
hydrocarbons  may  be  grouped  under  a number  of 
regular  series  to  whi-h  generalized  formula  may 
be  assigned.  Members  of  the  following  of  these 
-series  have  been  found  in  peti'oh  um,  the  first  live 
Iteing  the  most  inipoidanf  — 

1.  C„lL,n4-2 

CnH,, 

4. 

'i.  f'nll.wS 

7.  C„H.„-in 

s.  cjl.,„-12 

b.  CnU,,,-!! 

The  series  CnHo„-|-2  is  commonly  known  as  tlie 
methane,  marsh  gas,  or  paraibn  series  front  the 
fact  that  methane  or  marsh  gas.  CH^,  is  the  first 
membiu-  and  paraffin  wax  consists  primarily  of 
the  higher  luemliers  of  the  series  ranging  from 
C.^0^42  to  This  series  belongs  to  tlie  ali- 

phatic or  open  chaiti  group  of  carbon  compounds. 
Its  hydrocarbons  prepoitderate  in  itetroleums 
from  the  Api)alachian  field. 

There  are  two  series  of  hydrocarl)ons  which 
have  the  general  formula  CnHon-  The  first,  com- 
monly known  as  the  olefine  or  ethylene  series, 
consists  of  uiisaturated  open  chain  hydrocarbons; 
while  the  second,  known  as  the  polymethylene  or 
naphthene  series,  contains  cyclic  or  closed  chain 
compounds.  iMend»ers  of  the  oh'fine  or  etliyhme 
series  are  probably  ]tr(‘sent  in  most  petroleum 
but.  as  a rule,  only  in  very  small  quantity.  They 
are  dissolved  by  Ihe  acid  in  refining  the  crude 
distillate.  The  naphthene  hydrocarbons  are  prob 


ably  also  present  in  all  petrcdenia  to  a certain  ex- 
tent, in  small  quantity  in  the  light  oils  from  the 
Appalachian  fields,  and  in  larger  proportions  in 
the  heavy  sulphur  and  asphaltic  varieties.  Rus- 
sian petroleum  consists  principally  of  hydro  air- 
bons  of  this  series. 

The  next  two  series,  C„H.u-2  and  C H.,,  4,  com- 
prise unsaturated  cyclic  hydrocarbons,  members 
of  which  are  found  in  all  petroleum  but  are  pres- 
ent in  much  larger  proportions  in  the  heavy  as- 
phaltic varieties  lhan  in  the  lighter  oils  which 
have  a ])araffin  base.  iNIabeiy  believes  that  the 
lubricating  powei-  in  prepared  oils  is  due  to  hy- 
drocarbons belonging  to  these  two  series,  but  all 
petroleum  chemists  do  not  concur  with  him  in  this. 

Hydrocarbons  of  the  series  CnH.n-fi,  the  aro- 
matic or  benzene  series,  are  present  in  nearly  all 
petroleums,  but  usually  in  suliordinate  amounts, 
particularly  in  the  lighter  grades  such  as  those  of 
the  Appalachian  fi(dds.  Some  heavier  grades,  es- 
pecially tliose  from  the  California  fields,  contain 
much  larger  (luantities.  According  to  Slabery. 
these  compounds  are  rather  a detriment  to 
[)Ctroleum  to  be  removed  in  the  process  of  refining. 

Small  quantities  of  oxidized  bodies,  of  which 
complex  acids  and  phenols  are  examples,  are  con- 
tained in  many  petroleums.  They  have  no  intln- 
ence  on  commerical  products  as  they  are  remov- 
ed by  proper  refining,  although  it  is  possible  that 
tney  may  have  something  to  do  with  the  forma- 
tion of  emulsions. 

Nitrogen  is  present  in  nearly  all  petroleunn, 
varying  in  quanity  from  a trace  up  to  one  per 
cent  and  over.  It  exists  in  most  cases  in  the 
form  of  complex  organic  bases,  usually  pyridine 
and  (piinoline  derivatives.  Some  California  petro- 
leums contain  as  high  as  10  to  20  per  cent  of 
these  bases. 

Suliiliiir  is  the  most  undesirable  impurity  in  pe- 
troleum, but  the  amount  is  commonly  very  small. 
Rarely  it  is  entirely  absent.  Much  Pennsylvania 
crude  contains  less  than  .1  per  cent;  some  oils 


1.  liac’on.  R.  F.  aiul  TTnmor,  M'.  A..  Tbp  Amorican  Petroleum  Inrlustn-.  Fob  1.  New  York,  pp.  1-8,  1910.^ 
Tinkler,  0.  K.,  ami  Challenger,  F..  The  Chemistr.v  of  Petroleum  and  its  Substitutes,  London,  pp.  62-9(1.  1917. 
Clarke,  P.  W.,  The  Data  of  Geochemistry,  4th  eidtion,  lU.  S.  Geological  Survey  Bull.  695.  1920. 
llnherv.  C.  F..  (''omposition  of  Petroleum  and  its  Relation  to  Industrial  Use.  Trans.  Am.  Inst.  Min.  and  Met. 
Lug..  Yol.  J,XY  pp.  .50.5-521.  1921. 


REFINING  PROPERTIES  OF  CRUDE  OILS 


I'ronii  Texas  and  Wyoming  have  l>een  known  to 
contain  as  inucli  as  2.(i  to  2.75  pec  cent.  Sulphur 
may  be  present  in  })etroleum  as  hydrogen  sul- 
phide, as  free  sulphur,  or  as  organic  sulphur 
compounds.  The  tirst  two  are  not  hard  to  re- 
move. Organic  sulphur,  on  the  other  hand,  is 
much  more  difficult  to  eliminate  even  though  pres- 
ent only  in  small  cpiantity. 

Petroleums  from  ditieient  lields  vary  widely 
in  their  composition,  Imt  since  no  single  variety 
is  entirely  free  from  hydrocarbons  contained  in 
others,  it  is  difficult  to  make  a classification.  A 
commereial  distinction  is  usually  made  between 


oils  with  a pai’iiffin  liasi*.  sucii  as  iliose  ohlaiiu'd 
from  the  Appalachian  lields,  and  oils  witli  an 
asphaltic  base,  typical  of  the  Oulf  I'oast  and 
Califoinia  lields.  This  distinction,  however,  can- 
not be  very  closely  drawn  because  many  oils,  as, 
for  example,  those  obtained  from  the  mid-contin- 
ent lield,  contain  lioth  constituents. 

In  the  following  table  are  given  tigures  reiu-e- 
sentative  of  the  rehning  properties  of  a numbei' 
(d'  crude  oils  produced  in  various  i>arts  of  the 
United  States,  as  determined  in  the  petroleum 
b-iboratories  of  the  U.  S.  P.ureau  of  Clines  d — 


Approximate  refining  properties  of  crude  oils  from  several  States. 


state 

Pcnna . 

W.  Va. 

Ohio 

Kentucky 

Illinois 

Oklahoma 

Wyoming 

Wyoming 

California 

County 

Compos- 

Compos- 

Allen 

Compos- 

Compos- 

Creek 

Xatrona 

Freemont 

Kern 

ite  a. 

ite  b. 

ite  a. 

ite  b. 

FiUd 

Eureka 

Lima 

Cusliing 

Salt  Creek 

Maverick 

Maricoi>a 

Ci"ude  Oil 

Sp.  Gr.,  . - 

0.811 

0.8C6 

0.S35 

0.635 

0.8C.'! 

0.828 

0.841 

0.922 

0.8iS 

Oeg.  Bavme',  . _ 

42.6 

43.9 

37.7 

o7.7 

32.2 

39.1 

36.5 

21.8 

29.5 

Sulphur  per  cent,  

0.08 

0.10 

0..5') 

0.23 

0.24 

0.12 

0.18 

2.46 

0.73 

Gasoline 

Per  cent,  

33.9 

31.3 

31.0 

35. 4 

20.4 

37.5 

29.3 

S.6 

21.5 

Sp.  Gr.,  

0.734 

0.739 

0.749 

0 . 736 

0.760 

0.743 

0.750 

0.765 

0.78S 

Deg.  Baume',  ..  

00.7 

59.4 

56.9 

60.5 

52.1 

58.4 

56.7 

53.0 

47.4 

Kerosene 

Per  cent,  --  - - . - 

19.9 

18.5 

19.2 

16.2 

14.5 

18.0 

15.7 

14.7 

18.8 

Sp.  Gr.,  

0.802 

0.799 

0.815 

0.824 

n.su 

0.818 

0.824 

0.824 

0..'«6 

L'eg.  Baume',  . ..  ... 

44.6 

45.2 

41.8 

39.9 

37.9 

41.1 

39.9 

39.9 

31.7 

Gas  Oil 

9 7 

12.1 

9.9 

9.3 

8.0 

11.5 

10.8 

10.9 

Sp.  Gr.,  - 

0.835 

0.826 

0.84^3 

0.851 

0.S56 

0.847 

0.869 

.37  7 

39.7 

36.1 

33.0 

35.3 

31.1 

Light  Lubricating  Distillate 

Per  cent,  . . . 

n.i 

11.0 

10.7 

9.5 

10.7 

9.6 

n.i 

13.7 

8.7 

Sp . Gr.  . 

0.852 

0.844 

0.8T0 

0.874 

0.877 

0.876 

0.865 

0.901 

0.9C3 

Deg.  Baume',  _ _ . ..  . . 

34.3 

35.9 

30.9 

30.2 

29.6 

29.8 

31.9 

25.4 

24.2 

Medium  I.ubricating  I>istillate 

Per  cent . . ..  .. 

6.3 

5.6 

5.5 

4.6 

6.0 

4.7 

5.8 

S.O 

10.9 

Sp.  Gr.,  - . - ... 

0.86.5 

0.856 

0.800 

0.894 

0.893 

0.896 

0.8S» 

0.024 

0.9.SO 

Deg.  Baume',  ..  ...  ..  . . 

31.9 

33.7 

27.3 

26.6 

26.8 

26.3 

29.1 

21.5 

20.5 

Viscous  Lubricating  Di.stillate 

6.3 

Sp  Gr 

0.946 

18.0 

Carbon  residue  in  residuum,  . 

3.2 

1.9 

6.2 

7.2 

10.6 

6.8 

6.1 

17.9 

16.4 

a.  Prom  several  counties. 

b.  From  Lawrence,  Crawford  and  other  counties. 


1.  U.  S.  Rnreau  of  Mines,  Reports  of  Investigations,  Serial  Xns.  12202.  22.35,  1021. 
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OIL  RESOURCES  IN  COALS  AND  SHALES 


Petroleum  Products  and  Their  Uses. 

A wide  i-anjj;e  of  eommodities  is  obtained  from 
petroleum,  of  wliieli  gasoline,  kerosene,  fuel  oil, 
and  Inln-icatiiig  oils  are  of  major  importance. 
Pogue  has  prej)ared  the  following  table  showing 
the  most  im|)ortant  ones: — 


•Major  products 


Principal  varieties 


f Neutral  oils 

Lubricating  oils  Cylinder  stocks 

Paraffin  oils 


Primaiy  by-products 


" Paraffin  wax 
Asphalt 
I Road  oil 
Petroletim  coke 


( fasol  itie 


" Aviation  gasoline 
Motor  gasoline 
I P»euziiie 
Naphtha 


Secondary  by-products 
(fabricated ) 


Greases 
- Petrolatum 
[ Medicinal  oils.  etc. 


l\(‘i-oseii( 


Fuel  oil 


[ Water- white 

I 

j Standard-white 
I iNliueral  seal 
Distillate 

( Gas  oil 

/ Residual  fuel  oil 


The  relative  importance  of  these  is  brought  out 
by  the  follocving  table  complied  by  Pogue^  from 
data  furnished  by  the  Bureau  of  Engineering. 
Oil  Division,  U.  S.  Fuel  Administration,  which  is 
based  upon  the  estimated  average  returns  per 
barnd  of  crude  ]>etroleum  refined  in  the  United 
States  in  1918: — 


1.  Poaiie.  .Tosepli  E..  The  Economics  of  Petroleum.  New  York,  p.  89,  1921. 


PETROLEUM  PRODUCTS 


Lank 

Product 

Dollars 

Per  cent 
of  total 

1. 

Gasoline  

. . 1.922 

44.5 

O 

(das  and  fuel  oil  . . 

. . 1.212 

28.2 

• » 

• ). 

Lubricating  oils  . . 

.419 

9.7 

4. 

Kerosene  

.278 

8.8 

T). 

IVax  

.121 

2.8 

0. 

Asphalt  

.042 

0.95 

7. 

Coke  

.0009 

0.15 

All  others  

.210 

4.9 

4.2119 

100.00 

The  quantities  oI  these  different  products  turn- 
ed out  ]>y  tlie  petroleum  re.lineries  iu  the  l^uitetl 
States  during  1!U8  were  as  follows d 


Crude  petroleunii  run  . ,:)2(i,024:,Go0  barrels 
t)il  purchased  and  re-run  50,5(15,204  barrels 

Gasoline  3, 570. 212, 002  gallons 

Kerosene 1.825,200,127  gallons 

Gas  and  fuel  oil  7.-‘’,21 ,207,557  gallons 

Lubricating  oils 841,405,767  gallons 

Wax  505,144,357  pounds 

Coke  550,033  short  tons 

Asphalt  007,008  short  tons 

Miscellaneous  1.280,710,282  gallons 

Losses  14,550,025  barrels 


To  tbe  above  should  be  added  282,535,550  gal- 
lons of  natural-gas  gasoline  recovered  from  nat- 
ural gas  in  1918.^ 

In  1020  the  volume  of  these  various  products  in 
roiind  numbers  and  their  relative  importance,  ac- 
cording to  statistics  compiled  by  the  F.  S.  P.ureau 
of  Mines,  was  as  follows:® 


Petroleum  products  in  1920. 


Produet 

Millions 
of  barrels 

Per  cent 

Ufi.2 

24. .5 

55.2 

11.7 

2U.3 

44.fi 

24.9 

5. .2 

47.7 

10. P 

18.7 

3.9 

474.0 

100.0 

These  various  products  are  obiaine(l  from  |mU  lo- 
leum  bv  a process  of  distillation,  cither  with  or 
without  the  use  of  steam,  by  means  of  which  suc- 
cessive fractiotis  are  vaporiz(‘d  ami  sei)arately 
comhmsed.  the  resulting  distillates  liciug  then  re- 
distilled and  cliemically  puriti(‘(i  to  yield  the 
tinished  pro<lucts  of  commer<‘e.  (’eitain  ol  (be 
compounds  'vliieb  (b'Compose  at  t(*mp(u‘al  ures  of 
vaporization  are  i-emoved  as  i-esidual  bodies,  in- 
stead of  as  distillates. 

Gasoline. 

Due  to  the  extraordinarily  rai)id  growth  of  the 
automotive  industry,  gasoline  has  come  to  be  the 
most  important  in  point  of  value  of  flu*  ])voducts 
mauufaclured  from  petroleum.  A\h.ile  the  in- 
crease in  crude  oil  prodtictiou  during  the  itast 
decade  has  been  142  per  cent,  the  iu  reuse  in  gas- 
oline pio<luctiou  has  Im'Cu  over  70h  iter  cent.  In 
1920  approximately  25  per  cent  of  the  petroleum 
run  to  the  stills  was  converted  inlo  gasoline. 
Commercial  gasoline,  as  jirepared  today,  is  com- 
posed of  straight-run  gasoline;  natural-gas  gas- 
oline recovered  from  nattiral  gas;  synthetic  gas- 
oline made  by  “cracking”  heavier  iietrohmm  dis- 
tillates, such  as  gas  oil;  ami  naphthas,  represent- 
ing some  of  the  lighter  fractious  of  kerosene 
whi-;-!)  can  only  be  used  by  blending  with  the  mori' 
volatile  types  of  gasoline,  such  as  those  den'ved 
from  natural  gas.  Cross*  estimates  that  straight- 
run  gasoline  constitutes  about  7b  per  cent  of  the 
total  production  of  the  United  States  at  the  pres- 
ent time.  The  next  most  important  source  is 
synthetic  or  “cracked”  gasoline  which  su])plies 
about  23  per  cent  of  the  total.  The  next  great- 
est source  is  the  light  gasoline  obtained  from 
natural  gas.  This  amounts  to  about  5 per  cent 
of  the  total.  Light  oils  from  by-product  coke  and 
coal  gas  plants  furnish  the  remaining  2 per  cent. 
The  latter  three  varieties  are  not  used  separately 
but  are  blended  with  the  straight-run  variety  to 
make  a commercial  product. 


1.  U.  S.  (rpol.  Survey  jMiiier.nl  Resnnrces  1918.  Part  II  p.  1127.  1921. 

2.  MUioral  Pesom-ees,  op.  cit..  p.  1408,  1921. 

.8.  Poftne.  .Tosepli  41.  op.  cit.,  p.  289. 

4.  Cross.  Ro.v.  Production  of  Synthetic  Gasoline.  Oil  a-nd  Gas  .Tournal  IMarch  10.  1922,  i>.  74. 


OIL  RESOURCES  IN  COAuS  AND  SHALES 


Gasulint'  consists  primarily  of  a series  of  relat- 
ed liydrocarboii  compounds  ranging  from  light 
volatile  components,  through  graded  intermedi- 
ates, to  relatively  heavy,  less  volatile  end-pro- 
ducts. As  the  dematid  for  gasoline  has  been 
steadily  increasing,  tliere  has  also  been  a gradual 
rise  in  the  end-point,  or,  in  other  words,  a de- 
crease in  its  volatility,  due  to  the  fact  that  the 
reliners  have  had  to  cut  further  and  further  into 
the  kerosene  fractioti  in  order  to  keep  up  with 
the  growing  consumption  of  gasoline.  In  Jan- 
uary, 1921  tlie  end-point  of  the  gasoline  sold  in 
the  leading  cities  of  the  Idiited  States  had  reach- 
ed 220°  ('.  or  129°  F.^  The  gasoline  of  today  is 
also  beginning  to  contain  a])precialde  percentages 
of  unsaturated  compounds,  such  as  members  of 
the  oletine  series,  some  gasoline  sold  in  New  York 
City  running  as  high  as  20  per  cent.^  This  is  pri- 
marily due  to  the  hhuiding  of  increasiitg  amounts 
of  “cracked”  gasoline  with  the  straight-run  pro- 
duct. According  to  ^IcKee.  “cracked”  gasoline 
carries  up  to  10  per  cent  of  unsaturated  hydro 
carbons.  The  presence  of  these  compounds  causes 
gasoline  on  standing  in  contact  with  air  to  dis- 
color and  after  a time,  due  to  polymerization, 
small  amounts  of  brown  gum  or  tarlike  sub- 
stances separate  out.  These  may  cause  motor 
trouble  if  formed  in  too  large  quantities. 

At  the  present  time,  over  90  per  cent  of  the 
gasoline  produced  in  the  United  States  is  con- 
sumed by  passenger  automobiles,  trucks,  and 
tractors,  or  goes  into  the  export  trade.  The  latter 
amounts  to  approximately  14  per  cent  of  the  total 
production.  The  use  of  gasoline  for  cleaning, 
solvent  purposes,  and  chemical  manufacture  has 
l)ecome  relatively  unimportant. 

Kerosene. 

Kerosene  is  the  second  product  separated  in  the 
distillation  of  crude  oil.  At  one  time  it  was  the 
mainstay  of  the  oil-refining  industry,  but  through 
the  enormous  increase  in  the  demand  for  gasoline. 


1.  Popiie,  Joseph  E.  op.  cit.  p.  113. 

2.  McKee,  Ralph  II.  Chemical  Age,  New  York,  Jan.  1022,  p.l. 
.3.  Pogue,  .lo.scph  E.  op.  cit.  pp.  130-131. 

4.  Po,gue.  .Toseph  E.  ojo.  cit.  p.  1.9.5, 


it  lias  been  relegated  to  a relatively  subordinate 
position.  In  1920,  only  11.7  jier.cent  of  the  crude 
oil  run  to  the  stills  was  converted  into  kerosene, 
as  contrasted  with  .58  per  cent  in  1899.® 

Kerosene  is  still  used  mainly  for  purposes  of 
illumination  and  heating,  although  in  recent 
years  steadily  growing  quantities  have  been  em 
ployed  for  power  purposes  in  tractors,  motor- 
boats,  and  stationary  engines.  About  one-third 
of  the  output  is  exported. 

The  main  reason  for  the  decline  in  kerosene 
production  has  been  the  diversion  of  the  lighter 
fractions  to  the  manufacture  of  gasoline,  and  all 
indications  point  toward  still  deeper  inroads  for 
this  purpose.  Thus  far  no  kerosene  has  been 
cracked  into  gasoline  on  a commercial  scale. 

Fuel  Oil. 

Fuel  oil,  in  an  economic  sense,  may  be  consider- 
ed as  the  residue  left  over  from  the  country’s 
petroleum  output  after  the  demands  for  the  other 
products  have  been  satisfied.  It  includes  several 
varieties.  A certain  percentage  of  the  heavy  as- 
phaltic crude  oils  is  used  directly  as  fuel  oil  with 
very  little  preparation.  Another  variety  is  the 
residuum  left  after  the  more  volatile  fractions 
of  the  crude  oil,  namely  the  gasoline  and  kero- 
sene, have  been  removed.  It  is  produced  mainly 
by  skimming  and  topping  plants.  A third  type, 
u.sually  called  gas  oil,  represents  an  intermediate 
distillate  between  kerosene  and  lubricating  oils 
and  is  produced  by  refineries  which  recover  the 
latter  products  from  the  crude  oil. 

In  1920,  44. G per  cent  Iw  volume  of  the  crude 
oil  run  to  the  stills  was  turned  out  in  the  form  of 
gas  and  fuel  oil.  Pogue^  has  classified  the  uses 
to  which  gas  and  fuel  oil  were  put  in  1918  as 
follows: 


LUBRICATING  OIL 


Distribution  of  gas  and  fuel  oil  in  lUlS. 

Barrels. 


Exported  30,000,000 

Bunker  oil  0,000,000 

Mercdiant  marine  (1010)  31,000,000 

Navy  5,000,000 

racilic  Coast  railroads  24,000,000 

Other  raili'oads 12,000,000 

Oil  held  fuel  5,000,000 

Gas  oil  used  in  gas  manufacture  10,000,000 
Industries  -wesi  of  Rockies  ....  30,000.000 

Industries  east  of  Rockies  ....  50.000,000 


215,000,000 

This  total  was  made  ui»  of  43,000,000  barrels  of 
crude  oil  used  as  fuel  directly  and  172,000,000 
barrels  of  gas  and  fuel  oil  marketed  by  rehneries. 

Most  of  tlie  above  enormous  consumption  of 
fuel  oil  is  still  being  used  as  a substitute  for  coal 
for  bring  under  boilers  to  generate  steam.  There 
is  a growing  tendency,  however,  to  generate  power 
with  this  valuable  liquid  fuel  by  mea.ns  of  the 
Diesel  and  seini-Deisel  type  of  engines,  by  which 
its  capacity  for  doing  work  is  multiplied  by 
three.^ 

A greatly  increasing  demand  for  fuel  oil  by 
marine  trans])ortation  can  be  looked  for  on  ac- 
count C)f  the  advantages  derived  from  liquid  fuel 
in  the  place  of  coal  in  case  of  bunkering,  Hexibil- 
ity  in  operation,  inciease  in  radius  of  steaming, 
and  conserving  labor  in  bring.  The  merchant 
marine  of  the  u'orld  is  being  rapidly  ccuiverted 
from  coal-burning  to  oil-burning.  By  the  installa- 
tion of  the  Diesel  tpye  of  engines,  the  advantage 
of  oil  over  coal  is  still  further  accentuated,  as 
the  efficiency  obtained  is  21/0  f*^>  times  as  great 
as  the  most  modern  type  of  steam  (a^uipment. 

Lubricating  Oils, 

Two  fundamental  types,  naiinely,  residual  lubri- 
cating oil,  known  as  cylinder  stock,  and  distillate 
lubricating  oil  are  the  source  of  the  Jiumerous 
grades  of  lubricating  oils  made  from  petroleum 
that  are  ou  the  market. 


Residnal  lubricating  oil,  or  cylimb  r sto  k,  is 
made  from  paralbn-base  and  mixed-base  crudes 
by  steam  distillation  only.  It  consists  of  the 
residue  left  after  the  gasoline,  kerosene,  gas  oil, 
and  lubricating  distillates  have  been  removed 
from  these  oils.  Asphaltic  petroleums  do  not 
produce  cylinder  stock,  since  their  entire  lubricat- 
ing content  may  be  distilled  olf,  leaving  a residue 
of  asplialt  instead  of  cylinder  stock. 

(’ylinder  stock  on  account  of  its  relatively  high 
resistance  to  heat,  is  used  for  the  lubrication 
of  steam  cylinders.  The  distillate  types  of  lubri- 
cating oils  are  not  satisfactoiw  for  this  purpose. 
Cylinder  stock  is  also  highly  viscous  or  heavy 
bodied  as  compared  with  the  distillate  types 
made  from  paraffin  and  mixcd-ljase  crudes,  and 
hence  is  in  demand  as  a blending  agent  for  giv- 
ing the  rcapiisite  body  to  the  lattei’  where  they 
are  to  be  used  for  the  lubrication  of  heavy  serv- 
ice engines,  machines,  and  motors. 

There  are  three  main  varieties  of  distillate  lub- 
ricating oils,  namely: — non-viscous  neutrals, 

made  from  all  three  types  of  crude  petroleum  by 
steam  distillation;  viscous  neutrals  of  heavier 
l)ody  than  the  non-viscous  neutrals,  also  made 
from  all  three  types  of  crude  by  steam  distilla- 
tion ; and  paraffin  oils,  made  from  paraffin-base 
and  mixed-base  petroleum  by  destructive  distilla- 
tion withom  the  use  of  steam. 

The  non-viscons  neutrals  are  light-bodi(sl  and 
have  relatively  low-viscosity  and  lumce  are  onlv 
suitable  for  the  lubidcation  of  liglit  ma'’hlnery. 
such  as  the  s]undles  of  textile  mills.  For  the 
general  run  of  lubricating  service,  tlu'v  must  be 
more  viscous  oils.  They  are  at  present  produced 
in  greater  quantity  than  required  for  running 
light  machines  and  as  the  demand  is  not  strong, 
the  price  is  relatively  low. 

The  viscous  mnitrals  iiossess  a ImavifU'  body 
than  the  non  viscous.  Those  obtained  from  the 
asjihaltic-base  crudes,  luuug  '’onqinrablo  in  body 
to  cylinder  stock,  excell  the  ones  obtained  from 
pai-affin  or  mixed-base  crudes  in  this  respect 
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The  viscous  ueuti-als  of  paraffin  origin  lack  suf- 
licicnt  body  for  lieavy-service  lubrication  and 
hence  for  many  piu'poses  are  blended  witli  cylin- 
der stock,  \^•hiIe  those  of  asplialtic  origin  may  be 
used  in  unblended  form  for  this  purpose. 

The  so-called  paraffin  lid)ricating  oils  are  some- 
what inferior  in  quality  to  the  cylinder  stocks 
and  neutrals,  due  to  their  method  of  manufacture. 

There  has  been  a steadily  increasing  demand 
for  lubricating  oils,  chietiy  of  the  heavier-bodied 
varieties.  This  has  been  brought  about  in  ])art 
by  the  industrial  grocvth  of  the  country  but 
chietiy  by  the  phenomenal  growTh  of  automotive 
transportation.  The  latter  is  gradually  demand- 
i.ng  heavier  and  heavier  bodied  lubricants,  as  the 
lubricating  oil  in  service  is  being  subjected  to 
more  and  more  dilution  or  thinnijig  as  the  gas(dine 
employed  is  rising  in  end-jioint.  At  present,  ap- 
proximately one-qiiarter  of  the  country's  total  out- 
put of  lubricants  is  used  for  automotive  jnirposes 
and  is  nearly  equal  to  the  entire  domestic  indust- 
]’ial  consumption.  The  United  States  exports 
large  quantities  of  lubricants.  It  has  been  es- 
timated that  nearly  one-third  of  our  output  of 
lubricating  oil  is  sent  abroad. 

Future  Outlook  for  Petroleum  Products. 

The  unmined  reserves  of  petroleum  still  re- 
maining underground  in  the  United  States  have 
bO(>n  estimated  at  nine  billion  barrels,  wdiile  those 
of  the  w'hole  tvorld  are  placed  at  tiO  to  70  billion 
bai-rels.  It  is  very  evident  that  tlie  United  States, 
which  in  1019  produ'“od  09  per  cent  of  the  ■world’s 
total  output  of  crufle  nil  and  'which  has  produced 
over  0(1  per  cent  of  tlie  ])etroleum  brought  to  the 
surface  to  date,  cannot  hope  to  continue  to  hold 
her  ju'esent  dominating  position  in  the  petroleum 
industrw  much  longer.  Gradually  the  lead  will 
pass  to  othei*  nations  that  have  thus  far  used 
their  oil  reseiwes  less  prodigally.  Tlris  'will  bring 
about  important  economic  changes  in  the  petrol- 
eum industry  in  this  country. 

The  maximum  annual  production  wall  be  reach- 
ed within  the  next  few  years,  if  it  has  not  already 
been  dome  After  that  a gi’adnal  declim>  wul!  set 


in  with  the  production  slow  ly  taiiering  to  an  end 
in  .50  or  possibly  75  years.  tVith  the  present 
enormous  annual  consumption  and  its  tendency 
to  increase  still  further,  exhaustion  of  the  supply 
is  bound  to  happen  even  if  the  estimates  of  re- 
serves are  as  much  as  25  or  50  iier  cent  too  lo’w. 

After  the  low  point  of  the  present  business  de- 
pression has  once  been  passed,  it  is  iikely  the  de- 
mand for  i)etroleuni  prodmts  the  w’orld  over  'will 
again  increase.  As  a result,  a condition  will 
soon  be  reached  when  the  ]»roduction  of  domestic 
crude  will  not  he  sufficient  to  meet  the  demands 
for  petroleum  products,  particularly  since  such 
a condition  already  existed  for  certain  of  these 
just  x>rior  to  the  present  crisis  (1922). 

The  situation  arising  out  of  the  impending 
shortage  in  domestic  su^aply  of  crude  petroleum 
will  undoubtedly  be  met  in  a numlier  of  different 
ways.  Larger  quantities  of  crude  oil  will  be 
imported  from  foreign  countries  and  the  propor- 
tion of  American  petroleum  products  shipped 
abroad  will  decline.  More  efficient  methods  of 
extracting  the  i)etroleum  from  the  sands  wdll  un- 
doubtedly come  into  use,  resulting  in  an  increase 
in  the  estimated  reserve.  New  methods,  such  as 
“air  pressure”,  “-water  drive”,  “gas  pressure”,  and 
“vacuum  extraction”,  Avhich  thus  far  have  been 
employed  only  on  a relatively  small  scale,  will 
be  applied  in  fields  that  are  now^  considered  prac- 
tically exhausted.  Lventually  underground  min- 
ing methods,  similar  to  those  that  have  been 
employed  on  a limited  scale  at  Pechelbronn,  in 
Alsace,  may  even  be  resorted  to  in  the  case  of 
shallow  sands  to  recover  the  SO  or  so  per  cent  of 
residual  oil  which  cannot  be  obtained  by  ordinary 
methods.  IMuch  more  attention  will  be  paid  to 
the  elimination  of  waste  in  production. 

As  the  production  wanes  and  the  price  of  crude 
rises  higher  and  higher,  the  essential  uses  for 
fietroleiim  products  must  have  priority.  They  will 
bo  aided  in  obtaining  this  in  part  by  being  in  a 
position  to  j'ay  a higher  price. 

The  most  valuable  product  at  present  obtained 
from  iietroleum  is  gasoline.  This  commodity  is 
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aiisolulcMv  (,'sseiilial  lu  the  automotive  iudustry. 
Tile  tremeiuloiis  expansion  of  automotive  Irans- 
[lortaiion  is  one  of  the  outstanding  features  of 
tile  twentietli  eeiitury,  and  there  is  no  indieation 
that  it  has  reached  its  limits.  Automobiles, 
trucks,  tiactors,  and  air  planes  will  suv'dy  cmi- 
suine  continually  increasing  amounts  of  gasoline. 
IFentually  the  use  of  jilinisure  autonioldles  may 
have  to  he  i urtailed  ii  in  the  meantime  otlier 
sour,  cs  of  motor  fuel  are  not  developed  in  siiHi- 
cient  c|uantity  and  at  reasonable  cost,  it  is  dif- 
ticnlt  to  see  how  trucks,  which  have  become  such 
an  important  part  of  our  distributing  system, 
and  tractors,  which  are  beginning  to  play  such 
an  important  role  in  the  solution  of  the  farm 
lal:or  iirobleni,  can  be  dispensed  with  and  what 
can  lie  substituted  for  them. 

Keliners  in  the  past  have  met  the  increasing 
demands  for  gasoline  by  increasing  the  average 
boiling  point  of  the  gasoline,  by  extracting  liquid 
hydro-carbons  from  natural  gas  and  blending 
them  with  a portion  of  the  lighter  kerosene  frac- 
tions, and  by  cracking  a jiortion  of  the  heavier 
tractions  ordinarily  sold  as  gas  and  fuel  oil.  In 
the  first  method  the  limit  has  probably  been 
reached  unless  the  d(>sign  of  the  present  automo- 
bile engine  is  changed.  The  second  source  also 
has  i»ractically  been  developed  to  its  fullest  ]k>s 
sibilities,  as  natural  gas  is  a.  resource  which  is 
dwindling  even  more  raju'dly  than  ]»etroleum.  The 
third  mode  of  augmenting  the  gasoline  supjdy 
offers  further  possibilities.  Only  the  lighter  var- 
ieties of  (titillate  fuel  oil.  such  as  gas  oil.-  are 
suitable  for  crackiug.  About  .'10  to  40  per  cent 
of  the  original  material  subjected  to  the  process 
is  convert(‘d  into  gasoline  in  current  connnercial 
])ractice.  the  balance  being  cmiverted  into  u resi 
(luuui  suitable  for  fuel  and  coke.  With  ])r(>sent 
jiractice  about  half  of  the  fuel  oil  out]uit  of  the 
]‘e(incries  is  suitable  for  cracking.  The  oils  that 
ai'(‘  available  also  make  ideal  fuel  for  the  Diesel 
and  s(uni-Diese]  type  of  engines  and  as  these  are 
still  further  developed.  ]»articularly  for  marine 
purposes,  th.ey  will  draw  more  and  more  heavily 
on  this  source  and  will  hence  come  more  and 
more  into  competition  with  the  gasoline  type  of 


engine.  Changes  in  the  present  tyjie  of  auli; 
mooile  ( ngine  permitting  it  to  use  fuels  of  liigher 
average  Itoiling  and  (.md-point  and  improvenumt s 
leading  to  greater  eUiciency  in  combustion  are 
other  factors  that  will  tend  to  conserve  the  gaso- 
line supply. 

Finally,  there  are  the  possildhties  of  obtaining 
motor  fuel  from  other  sources  than  petroleum, 
anioiig  whicli  may  be  mentioned  benzol  from  the 
by-]u-oduct  coke  industry,  motor  spirit  from 
shale-oil  and  low  temperaturi'  coal  tar,  and  .al- 
cohol from  veg(“tal  sources.  Eventually  these 
sources  must  be  extensively  developed  if  auto- 
motive transportation  is  to  continue  to  depend 
upon  the  present  type  of  internal  combustion 
engine  for  power. 

Kerosene,  once  the  mainstay  of  ihe  oil  relining 
industry,  has  dropped  to  a relativcdy  subordinate 
jiosifiou,  and  a decline  in  output  has  alnady 
set  in.  With  the  greater  and  greater  a[iplication 
of  electricity  to  lighting  ]iurposes,  even  in  com- 
munities of  relatividy  small  size,  as  the  net'vm-k 
of  transmission  lines  is  (uxtiuuhal  o\(U‘  the  couiitr\' 
the  demand  for  kerosene  for  illuminating  ,'nr- 
])Oses  will  still  further  decline. 

Once  the  decline  in  output  of  (uaide  oil  is  well 
undm’way  and  the  supply  of  kerosene  is  still  fur- 
ther encroached  uiion  by  the  demand  for  motor- 
fuel,  sulistitutes  may  have  to  he  sought  even  for 
lighting  purpo.ses  for  farms  and  isolated  rural 
communities.  Illuminating  oils  can  be  obtained 
trom  shale-oils  and  low-temperature  tars.  Cer- 
tain animal  fats  were'  used  for  illuininatiug  juir- 
poses  ]>rior  to  the  develo]»ment  of  the  inodfum 
])etroleum  industry  and  these  could  be  resoi't(ul 
to  again  to  he!])  out  the  situation.  Small  aeety- 
hme  gas  installations  off(*r  another  substitute. 

The  pi-es(‘ut  use  of  enormous  quantities  of  oil 
as  a substitute  for  coal  for  firing  under  boih*rs 
to  generate  steam  is  a)i  economic  waste  tliat  will 
have  to  cease  as  the  sujiply  of  crude  diminishes. 
-\s  the  demand  for  luotoi*  and  lubricating  oils 
i!icr(>ases,  h'ss  and  less  fuel  oil  will  be  turned  out 
by  the  refimu’ies.  To]qnug  and  skimming  plants 
win  Itecouu*  a thing  of  the  ]iast.  and  a larger  and 
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]ai-g('r  ](wce]itage  of  the  crude  will  be  converted 
into  the  more  essential  and  valuable  products. 

many  industrial  plants  and  even  the  rail- 
roads that  are  now  using  fuel  oil  will  have  to 
go  I:ack  to  coal  or  else  resort  to  hydro-^electric 
jiower,  in  whicli  field  the  future  offers  great  jios- 
sibiiities.  In  the  case  of  the  merchant  marine  the 
conditions  are  somewhat  different.  The  advan- 
tages of  fuel  oil  over  coal  are  so  great  that  the 
nations  which  have  an  adequate  supply  will  be 
jdaced  in  a distinctly  superior  position.  Here, 
however,  the  tendency  will  be  eventually  not  to 
burn  the  oil  under  the  boilers  to  generate  steam 
but  to  install  internal  combustion  engines  of  the 
Diesel  type  and  tlius  increase  the  efficiency  of  the 
fuel  from  two  and  one-half  to  three  times. 

At  present  considerable  quantities  of  Ingh 
grade  fuel  oil,  known  as  gas  oil,  are  emploved 
in  tlu'  manufacture  of  “cit\’  gas”  to  enrich  arti 
ficial  gas  of  low  heating  value,  sxich  as  i)lue 
water  gas.  Through  the  withdrawal  of  consider- 
able iicrcentages  of  gas  oil  for  cracking  purposes 
a shortage  has  already  been  experienced  during 
normal  times.  This  will  become  more  and  more 
accentuated  as  the  supply  of  crude  diminshes, 
thereby  forcing  the  gas  industry  to  use  lower 
grades  of  fuel  oil  and  eventually  to  abandon  its 
use  altogether,  either  through  cliange  of  manu- 
facturing equijtment  or  by  making  a lower  grade 
of  gas. 

For  running  the  world’s  machinery,  a supjdy  of 
lubricants  will  always  be  needed.  At  the  present 
time  these  are  derived  almost  entirely  from  ]ietro- 
leum  products.  Thus  far  the  demand  has  not  Iteen 
sufficiently  great  to  necessitate  the  recovery  of 
Ibesp  vninnhle  oils  from  all  of  the  crude  run  to 
the  stills,  but  the  time  will  soon  come  when  it 
will  be  necessary  to  do  so.  The  demand  for  lubri- 
cants. particularly  the  heavier  bodied  type,  is 
mounting  rapidly  with  the  expansion  of  automo- 
1iv('  transportation  and  the  continued  growth  of 
industries. 

ladiricating  oils  can  be  made  from  shale-oil 
and  oils  deri\  ed  from  the  low-temperature  carbon- 
ization of  coal,  as  well  as  from  certain  carefully 
refined  vegetable  and  animal  oils  and  fats.  These 


will  answer  for  certain  types  of  lul)rication  but 
it  still  remains  to  be  proven  whether  they  can  be 
substituted  for  petroleum  oils  for  lubricating 
high-sjieed  bearings  and  for  lubrication  in  the 
jiresence  of  high  temperature  and  of  steam. 

Substitutes  for  most  of  the  by-}iroducts  at  pres- 
ent arising  out  of  the  petroleum  refining  industry 
will  undoubtedly  be  found  in  connection  with  the 
development  of  an  oil -shale  industry  and  the  fur- 
ther extension  of  coal  carbonization,  particularly 
with  the  introduction  of  lov'-temperature  proces- 
ses. 

CHAFTFR  II. 

SUBSTITUTES  FOR  PETROLEUM 
PRODUCTS. 

Oils  and  tars,  from  which  substitutes  for  many 
of  the  present  d.ay  petroleum  products  can  be  de- 
rived, are  fornu'd  wlien  bituminous  or  other  va- 
1‘ieties  of  coal,  as  well  as  shales  rich  in  plant 
(lel)ris,  are  subjected  to  destructive  distillation 
or  carbonization  in  closed  air  tight  retorts.  The 
quantity  and  character  of  the  oils  and  tars  formed 
depends  upon  the  nature  of  the  raw  material  used 
and  tlie  method  of  carl)onization  employed. 

Oils  and  Tars  from  the  Carbonization 
of  Bituminous  Coal. 

The  yield  and  composition  of  the  tar  from  a 
bituminous  coal  subjected  to  a relatively  high 
lemperature;  i.  e.,  900  to  1200°  C.  rapidly  applied, 
is  different  from  that  obtained  from  the  same 
coal  when  the  toxu.perature  does  not  exceed  G00°  O. 
In  discussing  these  oils  and  tars,  thex efore,  a 
distinction  must  be  made  between  those  obtained 
l)y  low  temperature  carbonization  and  high  tem- 
pf'ratui’e  carhonizatioxi. 

High  'I'emjxeratui'e  rarl)onization 
Oils  and  Tars  fi'oxn  Lit umi nous  Coal. 

High  temperature  destructive  distillation,  dur- 
ing which  the  coal  is  heated  to  temperatures  rang- 
ing from  900  to  1200°  C.  as  quickly  as  possible, 
is  the  type  of  carbonization  employed  in  the  coal 
gas  industry,  where  a h-u'gt'  volume  of  gas  is  the 
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[>rimaiy  object  soimlit,  and  in  the  by-prodnct  coke 
industry.  M lieir  metal Inrgical  coke  is  the  impoi-t- 
ant  prodnct.  In  botli  industries  considerable 
quantities  of  light  oils  and  tars,  as  well  as  otlier 
valuable  by-products,  are  obtained  from  the  coal. 

In  Ibis  the  by-product  coke  ovens  of  the  United 
States  prodticed  S7,-:22,450  gallons  of  crude  light 
oiF  and  the  coal  gas  pladits,  5,014,000  gallons-,  a 
total  of  08,130.450  gallons.  The  production  of  tar 
bv  the  by-])roduct  ovens  amounted  to  268,200.470 
gallons^  and  ihat  of  the  coal  gas  plants  to  52.604.- 
S262.  a total  of  315.004.206  gallons. 

The  gases  and  vapors  produced  by  the  high 
temperatuia*  distillation  of  coal  are  extremely 
complex  in  composition.  Their  constituents  may 
be  divided  into  easily  condensable  and  ditlicultly 
condensable  substances.  Most  of  the  substances 
of  the  first  group  are  recovered  by  tin*  usual  op- 
erations of  condensation  and  treatment  with 
Avater  or  a.:-id  in  the  form  of  tar  and  ammoniacal 
liquor.  There  are  certain  substances  of  relatively 
high  vapor  tension  such  as  benzene  and  toluene. 
hoAvever,  which  to  a large  extent  remain  uncon- 
demsed  in  the  permanent  gases.  Sperr"  estimates 
that  only  tu'e  per  cent  of  the  total  benzol  con- 
tent in  the  gas  is  removed  with  the  tar  in  the 
condensing  plant.  Only  a negligible  percentage  of 
these  substances  have  boiling  points  higher  than 
that  of  naphthalene  i218°C.i. 

In  order  to  separate  the  light  oils  from  the  gas. 
Ihe  latter  is  first  cooled  by  passing  through  a 
direct  contact  type  water  cooler  which  also  re- 
moves a large  portion  of  the  napthalene  content. 
It  then  goes  to  a scrubber  where  it  is  treated 
with  wash  or  absorbent  oil.  In  the  Fruited  States 
the  absorbent  oil  employed  is  a petroleum  j-rod- 
uct,  usually  known  as  straw  oil,  of  which  at  least 
90  ])er  cent  should  distill  between  250  and  850°  P. 
It  has  a specific  gravity  of  less  than  .SS  at  15°  C. 
and  is  readily  fluid  at  4°  0.  Such  an  oil  is  capa- 
ble of  dissolving  between  two  and  three  per  cent 

1.  TT.  S rjeol.  Survey.  Mineral  Resources,  1918,  Part  II, 
p.  1519.  1921. 

2.  U.  S.  Oeol.  .Snr\ev,  Mineral  Resource.s,  1918,  Part  II. 
p.  401,  1921. 
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of  its  v(dume  of  light  oil.  In  Luiaqican  jtracTice. 
heavy  tar  oils.  90  per  cent  of  whose  volume  distills 
between  200  and  800°  ('.  and  which  cf)iitain  less 
than  seven  per  cent  naphthalene,  are  used  al- 
most exclusively  for  the  same  pur])Ose. 


Sperr  gives  the  average  comjmsitiou  of  coke 
oven  light  oil  and  tlie  yield  ]ier  ton  of  2.000 
])ounds  as  follows  d 


Benzene 


Per  cent 
in  light  oil 


66 


( la  Hons 
per  ton  of  coal 
1 .782 


Toluene  15  0.405 

Xylene  8 0.21  <1 

Other  substances 

j)rincipally  hydrocarbons  11  0.297 

2.700 

According  to  the  sanu'  author.  1000  gallons  of 
tyipical  crude  light  oil  tvill  yield  the  following 
]u-oducts : 


( lallons. 


Crude  benzol 680 

t’nide  toluol  140 

Crude  xylol 50 

8ol\eut  naphtha  55 

AVash  oil  residue  with  uaphthalene 75 


Products  derived  from  the  light  oils  obtained 
through  the  high  teiu])erature  carbonization  of 
coal  are  utilized  for  a great  many  different  pur- 
poses. Considerable  (juantities  are  employ(‘d  in 
th(‘  manufacture  of  jutitits.  staiiis.  varnishes,  and 
lac(]uers;  iu  the  cleaning  industry:  in  the  extrac- 
tion of  greases  and  fats;  as  solvents  for  rubber; 
and  in  the  manufacture  of  leather  and  insul.iting 
materials.  Aniline  dyes  are  produced  from  luui 
zol.  It  is  also  the  basis  for  the  ])roductio7i  of 
a!'tificial  jierfumes.  synthetic  ]dienol.  ami  the 
preparation  of  jdiarmaceutic  comi)Ounds.  .\nother 
very  important  industrial  ]iurpose  is  sen  ed  by 
benzol  and  its  homologues  in  the  prodiu  tioti  of 
ext  losives,  such  ;is  niti'o-lamzol  .and  triniti-o  to- 
luol. 


3.  Sperr,  Jr..  F.  W.  The  recovery  of  benzol  from  gas. 
Alet.  ••111(1  Chem.  En?.,  vol.  XVI,  pp.  l.‘?r>-140,  1917. 

4.  Sjierr,  ,Tr.,  o]i.  cit.  pp.  1.80-1.89. 
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The  lower  boiling  fractions  of  the  crude  light 
oil,  namely,  the  benzene,  toluene,  and  xylene,  after 
purification  make  a very  satisfactory  motor  f\iel 
when  properly  used.  In  Europe,  benzol  has  been 
extensively  employed  as  a motor  fuel  but  it  is 
Iiarder  to  start  the  engine  and  carbon  deposition 
in  the  cylinders  is  greater  than  with  gasolined 
Another  disadvantage  is  that  benzene  solidifies  at 
5.4°  C.  or  41.7°  P.  The  toluene  and  xylene  pres- 
ent in  the  light  oil  lower  this  somewhat  and  ii  is 
still  further  reduced  by  blending  with  gasoline. 
On  the  other  hand,  benzene  motor  fuels  are  su- 
perior to  gasoline  in  certain  respects.  Sperr^ 
cites  a certified  dynamometer  test  by  the  Auto- 
mobile Club  of  America  in  which  90  per  cent  ben- 
zene showed  12.3  per  cent  less  fuel  consumption 
than  gasoline.  At  the  same  time  the  horsepower 
was  increased,  depending  on  the  speed.  At  2000 
r.  p.  m.  this  was  19.4  per  cent  greater  than  that 
of  gasoline.  The  higher  ignition  point  of  benzene 
also  eliminates  knocking  1 pre-ignition ) . In  the 
United  States  motor  benzene  is  blended  with  gas- 
oline in  order  to  overcome  the  difficulty  of  igni- 
tion. Such  blends  give  a mileage  about  equal  to 
gasoline  and  they  give  operation  that  is  very 
smooth  and  free  from  fuel  knock. 

Benzol  motor  fuels  can  never  be  expected  to 
satisfy  more  than  a relatively  small  percentage 
of  the  total  demands  for  automotive  transporta- 
tion in  the  United  States,  although  in  the  im- 


mediate vicinity  of  extensive  by-product  coking- 
plants  they  -will  undoubtedly  become  of  consider- 
able local  importance.  In  1918  only  93,136,450 
gallons  of  light  oil,  were  produced  in  the  United 
States  while  the  total  gasoline  production  was 
3.570,312,963  gallons.  If  all  of  the  light  oil  had 
been  a^■ailable  for  motor  fuel,  only  2.6  per  cent 
of  the  actu.al  needs  would  have  been  satisfied. 
That  year  46  per  cent  of  the  coal  coked  was  treat- 
ed in  by-product  ovens.  If  all  of  the  coke  had  been 
produced  in  such  ovens  and  the  light  oil  recovered 
and  made  available  for  motor  fuel,  this  percentage 
could  have  been  increased  to  5.7.  The  average 
yield  per  net  ton  of  coal  charged  in  by-product 
ovens  in  1918  was  2.4  gallons.^  If  all  of  the 
579.3S5.820  tons  of  bituminous  coal  mined  that 
year  had  been  treated  in  by-product  ovens,  the 
total  light  oil  productio,n  would  have  au’.ounted 
to  only  1.390, .526, 000  gallons  or  less  than  40  per 
cent  of  the  total  gasoline  production. 

Crude  coal  tar  derived  from  the  by-iiroduct 
coke  and  coal  gas  industries  where  high  tem])er- 
ature  carbonization  is  employed  is  a complex  sub- 
stance composed  chiefly  of  hydrocarbons  of  the 
aromatic  type  and  certain  of  their  oxygen  de- 
rivatives together  with  minor  amounts  of  nitro- 
gen and  sulphur  compounds.  Weiss^  gives  the 
follo-^dng  analyses  as  representative  of  typical 
dehydrated  high  temperature  tars. 


Analyses  of  dehydrated  high  temperature  tars. 


Gas- 

workJ  coal  tar 

By-product  coke  oven  coal  tars 

Horizontal 

retorts 

Inclined 
retort  ■■ 

Vertical 

retorts 

United 
Otto  j 

Semet — 
Solvay 

Koppers 

Specific  gravity  at  15.5°  C 

1.266 

i.2.38 

1.118 

1.207  ' 

1.188 

1.186 

Free  carbon  (per  cent  insoluble  in  benzene) __  

28.9 

24.3 

1-3.3  i 

10.7 

Oil  to  soft  pitch  (60°  C.  melting  point)  per  cent  by 

A.S 

28.  S 

21.2  ’ 

21.8 

.35.3 

volume • 

13.2 

21 .0 

29.0 

12.0 

4.0  i 

0.0 

Tar  acids  (per  cent  taken  on  above  oils)  ; 

14.0 

85.7 

71.2 

78.8  i 

78.2 

64.7 

Pitch  residue  (60°  C.  melting  point)  per  cent  by  voIum?_.l 

80.8 

1.  McKee,  Ralph  H..  Gasoline  from  oil  shale.  Chemical 
Age,  New  York,  January,  1922,  pp.  1-4. 

2.  Sperr,  .Tr.  F.  W..  .Tour,  of  Ind.  and  Eng.  Chem.,  vol. 
1.3.  p.  28.  1921, 


.3.  TC  S.  Geol.  Survey,  Mineral  Resources,  1918,  Part  II, 
p.  1518.  1921. 

4.  Weiss.  .1.  M..  Coal-tar  pitch.  Jour,  of  Ind.  and  Ene- 
Chom..  vol.  8.  p.  842.  1916. 
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The  table  below  contains  analy-ifs  of  representatives  tars  made  by  ^loi'gan  and  Sonb’d 

Analyses  of  representative  tars. 


Coke-oven  tar 

Low-tempera  lure  tar  (Kopper-)  S50-'juo‘  C.  Gas-works  tar  it'jO’  C. 
(■‘Carbo-eoat'  procesp  (from  mixed  coal  :;0%  (i  inclined  A;  1 hori- 

V.  il.)  zontal  retort-s) 


Specific  gravity  1-5. 5'  C. 


15.5“  C. 

‘Free  carbon"  per  cent._ 


Fractions 

Boiling  point  range,  deg.  C 
20-17:1  - 
ir:3-2:>7  - 
2:57-2S1  - 
2-51-315  - 
:3l5-:?2'i  - 

Pitch  by  difference 


Air  melting  point  oi  pitch  deg.  C_ 
Specific  gravity  of  pitch  1-5.5“  C., 


‘‘Free  carbon"  per  cent- 


15.5“  C. 


1.0676 

1.1S45 

1.2172 

0.71 

6.93 

20.1 

(Percentage  of  total  weight) 

0.64 

0.70 

1.19 

9.19 

S.2T 

9.22 

12.. 50 

12.44 

10.12 

6.94 

6.21 

3.78 

2.90 

2.. 53 

1.93 

67.  SI 

69.  S5 

73.76 

o3. 

69. 

89. 

1.134 

1.26.3 

1.312 

2.17 

16.8 

31.1 

Tile  yield  of  tar  olitained  by  by-product  coking 
varies  with  the  kind  of  coal  nsed  and  the  efficiency 
with  which  the  plant  is  operated,  it  may  lie  as 
low  as  4 or  as  high  as  12  gallons  per  ton.  In  1918, 
the  average  yield  per  net  ton  of  coal  charged  in 
by-prodnct  ovens  was  7.1  gallons.^ 

During  the  last  few  years  the  use  of  tar  for  fuel 
in  the  manufacture  of  steel  has  rapidly  increased, 
due  to  the  fact  that  many  of  the  larger  steel  com- 
panies operate  their  own  by-piroduct  coke  plants 
which  are  usually  located  near  the  steel  Avorks. 
It  has  been  found  that  in  open  hearth  practice, 
the  consumption  of  tar  per  ton  of  steel  is  10  per 
cent  less  than  the  consumption  of  fuel  oil.^  It 
is  advantageously  employed  in  combination  with 
producer  gas. 

High  temperature  coal  tar  is  the  source  of  a 
great  many  of  the  organic  compounds  of  the 
chemical  and  allied  industries,  among  which  are 
some  that  may  he  employed  as  snltstitntes  for 
certain  petroleum  products. 

The  fir.st  step  in  the  separation  of  these  various 
conpnmnds  consists  in  suhiecfing  the  crude  tar 
to  fractional  distillation.  The  folloAving  fra  -tions 
ai‘(‘  nsnally  sepnrated.^ 

1.  Morgan.  .Jerome  P.  and  Sonle.  Roland  P..  Stndie.^i  in 
the  rarbonHntion  of  low-temneratnre  t.ar.  riiein.  and  ^fet, 
Eng.  vol.  2«.  pp.  02.^028.  1022. 

2.  P.  S.  Geo],  Snrvev.  Srineral  Resonroe^.  Ran  TI. 

p.  IMS.  1021. 


1.  From  atmospheric  temperature  to.  170°  C. 
(338°  F.l.  Products; — light  oil.  water,  a small 
quantity  of  pyridine,  and  some  naphthalene. 

2.  Fro'!!  1711  to  23.3°  r.  (388  to  44.3°  F.l. 

Products: — mule  oil  iihmiol.  cresylic  acid, 

crude  naphthalene,  iiyridine.  and  creosote  oil. 

3.  From  233  to  270°  C.  (43.3  to  .318°  F.i. 

Products; — creosote  oil  ond  crude  naphtha- 
lene. 

4.  From  270  to  313°  (318  to  .399°  F.  i. 

Products: — - creosote  oil  ond  crude  anthra- 
cene. 

3.  From  313  to  335°  and  aliove  ( 39!t  to  hi  1 
F.l.  P]‘odncts; — creosote  oil  and  ernde  anthra- 
cene. 

Residue  is  pitch. 

The  crude  naphthalene  and  anthracene,  the  lat- 
ter mixed  with  carhajode,  ](lienanthrene  and  a 
larger  number  of  less  important  hvdrocarhons. 
separate  out  as  solids  from  tludr  res]iective  frac- 
tions on  cooling.  The  oils  may  then  he  drained 
off  and  the  solids  centrifngi'd  or  pressed  to  re- 
move adhering  oil. 

Huff  gives  tl'e  following  distillation  record  for 
a tvnical  tar  from  a by-product  oven: — 

.3.  Spprr.  .tr..  F.  tV,.  P.v-prorlni-r  r-nking.  .Jour,  of  Tiid.  and 
Eng,  Ghem.  vol.  1.3.  p.  28.  1921. 

4.  TTiiff.  Wilbpi-t  .T..  Tlip  d'stillation  of  poke-ovpn  tar  and 
thp  rppovpi'v  of  somp  of  its  products.  Cliem.  and  Mot.  Eng. 
vol.  20.  pp.  ■113-118,  1922. 
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Temperature 

Gallons  per 

Per  cent  by  volume 

(°  ('.  ) 

1 000  gallnns 

referred  to  original 
tar  volume 

Al  mosiiln*r(* 

Light  oil  11.5 

1.45 

In  17(1 

.\mmoniacal 

liquor  15.5 

1.55 

170-2;  15 

122 

12.2 

2;i5-270 

123 

12.3 

270-315 

133 

13.3 

;il5-:i.55 

OS 

9.8 

K(‘siduc  and 

losses  lOl 

49.4 

Weight  of 

residue  e(]uals  57 

per  cent  of  original 

tar. 


The  following  ]u-(!ducts 
such  tar: — 

may 

b(‘  ol)taiued  from 

Gallons  per  Per  cent 

1000  2 

gallons  of  tar  by  volume 

Ammoniacal  li(|Uor 

15.5 

Light  oil 

14.5 

1.5 

Tar  acids 

26.0 

2.6 

Pounds  per  Per  cent 

1000  gallons  of  tar  by  weight 

Crude  naphthalene 

170  to  235°  C.  fraction 

200 

2.2 

235  to  270°  C.  “ 

48 

.6 

Crude  anthracene 

a 

b a b 

270  to  315°  C.  fraction. 

46. .5 

9.4  0.17  0.095 

315  to  355°  C.  fraction. 

93.0 

9.4  0.95  0.095 

139.5 

18.8  1.42  0.190 

a.  Without  chilling. 

b.  Additional  recovery 

due  to  chilling. 

The  light  oil  obtained  form  the  tar  is  similar 
in  composition  to  that  recovered  from  the  gas  by 
washing  with  absorbent  oil  and  can,  therefore,  be 
used  for  the  same  purposes. 

The  tar  acids  are  capable  of  forming  water-sol- 
uble compounds  when  treated  with  caustic  soda 
solutions.  While  present  to  some  extent  in  all 
the  fractions,  they  are  at  the  highest  concentra- 
tion in  the  fraction  from  170  to  235°  0.  Phenols 


and  cresols  are  the  chief  compounds  present. 
They  possess  important  antiseptic  and  geianicidal 
properties  and  are,  therefore,  extensively  us(m1  in 
the  manufacture  of  disinfectants.  They  are  also 
the  basis  for  the  manufacture  of  the  synthetic 
phenol-formaldehyde  resins  which  r(*seml)le  hard 
rubber  and  have  an  enorimous  variety  nf  uses  in 
the  industrial  world.  Cresols  also  play  an  im- 
portant part  in  the  manufacture  of  certain  coal 
tar  colors. 

A group  of  basic  compounds  known  as  tar  bases 
are  also  ju-esent  in  small  amounts  in  the  tar  oils. 
Among  these,  pyridine  and  its  derivatives  is  the 
most  imiportant.  It  is  extracted  by  washing  with 
diluted  sulphuric  a, -id.  Commercial  pyridine  gen- 
erally contains  a little  water  and  higher  boiling 
bases.  The  more  volatile  fractions,  those  distill- 
ing off  at  115  to  100°  C.,  are  used  in  denaturing 
alcohol  on  account  of  the  iiauseating  taste  and 
odor  that  Ihey  iuipai-t.  The  higher  fractious  are 
used  as  solvents  in  purifying  anthracene. 

The  residual  oil  i-cuuaining  after  the  na[»htha- 
lene  and  anthracene  have  been  crystallized  from 
the  tar  oils  and  the  tar  acids  and  bases  have 
been  extracled,  is  known  as  creosote  oil.  it  is 
extenshely  used  for  the  preservation  of  wood  and 
also  makes  an  ideal  fuel  for  Diesel  engines.  A 
portic)u  of  the  hcaty  tar-oil  fi-om  which  the  crude 
anthracene  is  separatcal  is  used  in  the  manufac- 
ture of  anthracene  lubricati,ng  greases. 

Xaiththaleue  is  the  starting  point  for  the  manu- 
facture of  a great  number  of  coal  tar  dyes.  A 
turpentine  sulcstitute  is  also  made  from)  it.  Many 
other  uses  are  being  found  for  it,  among  which 
is  the  possibility  of  emploving  it  as  a fuel  for 
driving  internal  combustio.u  engines. 

Ellis  and  Meigs^  cite  a trial  carried  out  in 
Paris  wi1h  a two  cylimhu-  Ibmault  cab  fitted  with 
a special  carburetor  consisting  of  a melting  re- 
c(>]itacle  in  which  the  supply  of  melted  naphtha- 
lene is  maintained  by  the  exhaust  at  a heat  above 
the  melting  point  and  from  which  it  is  conveyed 
to  a heated  float  feed  carburetor.  The  engine 
has,  in  the  first  instance,  to  be  started  on  gasoline 
iiii  order  to  heat  up  the  naphthalene.  The  time 


1.  Ellis,  Carleton  and  Meigs,  Joseph  V.„  Gasoline  and  other  motor  fuels:  New  York,  p.  10.  1921. 
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oeeupitMl  in  ruiiniiiji  on  gnsoline  bnl'oi(“  iui[)lilli;i 
k*iu‘  conUl  he  swit.jlied  on  was  13  minutes,  37 
s(‘ronds.  A stop  of  lU  minutes  could  he  made 
witliout  any  further  use  of  gasoline,  while  a stop 
of  1(1  minutes  nect'ssitated  its  use.  3'lie  cousump 
ii(ui  worked  out  at  11. !’_!>■  Icilograms  per  100  kilo 
meters,  at  an  axerage  spi'ed  t)f  34.-1  kilometers 
[>er  liour.  This  is  equivalent  to  about  one-half 
pound  per  mile.  In  another  test,  conducted  by 
the  Automobile  Cltd>  of  Fiaiiuce,  a car,  when  run- 
ning on  naphthalene,  shoAxad  an  economy  of  (iO 
per  c(mt  o\ei‘  gasolimn 

N^a])hthalene  has  ;i  comparatively  high  volatility 


and  a sufheitmt  degree*  of  caloritic  power.  Some 
of  its  defects,  such  as  its  high  melting  point,  may 
be  obviated  by  using  it  with  benzine,  benzol,  gas- 
oline, etc.  Such  mixtrri's  ai-e  said  to  work  v(*ry 
well  in  carburetors. 

Tetralin,  a hydrogenation  )irodtict  of  mtphtha- 
lem*.  was  used  during  tin*  lattei*  ])eriod  of  tin*  x\ar 
in  (icrnniny  as  a e-oinpoin  nt  of  nndor  fuel  and  as 
illuminating  oil  in  substitution  for  kerosein*  ' 
The  Benzine  Syndicate  of  Uermany  has  receiitly 
introdticed  a new  fuel  conqeose  d of  50  }>er  ceni 
benzol,  25  per  cent  tetralin  and  25  per  cent  of  O' 
]>er  C(*nt  ab'ohol,  which  is  called  t(*tralit-benzol. 
It  has  be(*n  found  suitable  and  acceptable.  Tetra 
lin  and  decaliu,  both  hydro  na])thah*nes,  have  the 
f f)l  low i n g propert  ies : — 


Tetralin  Decalin 

Boiling  iHunt  205-207°  C 185-187°  C. 

Sjiecific  gravity  .07  . 08  .80  . 90 

Flash  point  78°  C.  60°  ('. 

The  potential  sttpply  of  nai>hthalene  available 
for  motoi-  fuel  in  the  Titiited  States,  liowever,  is 
too  small  to  have  much  weight  as  a substitute 
for  gasolim*  when  the  supjdy  of  the  latter  will 
begin  to  approach  e.\hausti(*n.  16,786,527  pounds 
of  naphthalene  were  marketed  in  the  FTnited 
States  in  1018  by  the  by-product  coke  and  cor, I 
and  water  gas  industri(*s-. 

The  crude  anthrac(*ne.  besides  anthracene,  con- 
tains carbazohe  and  phemrnthren.e  together  with 


a large  number  (d'  less  imjjorlanl  hydrocarbons. 
It  is  utilized  in  the  mamifai'iure  of  d\estidfs. 

The  pitch  obtained  in  the  distillation  of  high 
t(*nipera1  ure  tars  usually  constilut(*s  fi-oni  50  to 
()0  per  cent  by  weight  of  the  original  tar.  Tiii-w 
grades;  nam(*ly.  soft,  meditim.  and  hard  iii;iy  l>e 
l)roduced.  (2oal  tar  pitch  is  used  for  rooting, 
l)a\  ing.  ])aints  ainl  pi-oiecti\e  coatings,  core  com- 
pounds for  casting-  bnqttet  binders,  pipe  diji.  in- 
sulating medium  for  electrical  purposes,  etc. 
Bitch  c(*l:e  made  from  hard  jtifeh  is  a source  of 
carbon  for  the  (*lectro chemical  industries 

In  FuglainF  e.xperimetits  have  been  condtn  ti*d 
on  the  manufacttire  of  .-ilcohol  from  tin*  ethylene 
present  in  coke-ov(*n  g;is.  Lrnest  Bury  lots  de- 
velotted  ;i  ]>rocess  by  which  the  ('thyh*n(*  in  the 
gas  is  absorlied  in  sttlphtiric  :n-id,  forming  etiiyl 
sul])huric  ;icid,  which  is  then  hydrolized  to  ethyl 
tilcohol.  It  was  found  tlmt  ;rn  ;t\(-r;rg(*  yield  of 
1.6  gallons  of  alcohol  could  be  obtained  per  ton 
of  coal  Cittbonized.  Alcohol  ]>rodiued  in  this 
manner  may  heeome  ;iv;iihtble  ;is  fuel  for  internal 
(•o)i’l»itstion  engines. 

I.ow  Tem]ter;i  I nre  ( 'tirboii  iz.a  t ion  (tils  ;ind  1';trs’ 
from  Bitnminons  t'oal. 

Fnlike  high  temperainre  carbonization,  tlie 
teehtiical  apirlieatitm  of  low  t(*mper;itiire  earboni- 
zatioii  of  biluminons  eojtl  on  a ■oti.mcrei.'il  scale 
is  still  in  its  infancy,  tiltbongh  an  enormous 
amount  of  experimental  work,  cliietly  on  a labora- 
tory or  ;it  tin*  best  only  on  a sem i-eommercittl 
scale,  lias  been  done  during  the  last  twenty 
years.  Davis'*  has  snmmariz(*d  tin*  nntin  reasons 
why  ])rogr(‘ss  toward  eommerci;il  deveh'pmcnl  has 
heen  slow,  :ts  follows: — ‘‘(11  tideqiiate  fundamen- 
tal knowledge  of  coal  constitution  and  thermal 
decomposi  t itui  is  lacking:  (2i  e\(dtilic>n  of  snit- 
abh*  retorting  ajuparatus  is  slow  owing  io  tlie  low- 
lu'at  eimduwtivity  of  co;il  and  the  eonseipient  dif- 
ticnlty  of  designing  retorts  of  a])preeiable  ca- 
])aeity.  baving  at  tlie  same  time  tin*  reeptisite 
low  Temperature  gradients;  (3i  a market  for  the 


1.  Fiimpss,  It.  S..  The  hydrogenation  of  naphthalene;  Chemical  .Vge.  New  York.  \’ol.  .10.  ])p.  178-17C).  102‘2. 

2.  C.  S.  (leol.  Siu'vov.  Xlineral  Resonrees.  1018,  Part  TI,  [i.  t-52;>.  1021. 

3.  Chein.  and  Met.  Eng.,  vol.  22.  p.  487,  1020. 

I.  I)a\is.  .Tosoph  E..  Present  status  of  <-oaI  earbonizatio  n nl  tiu  I eni peratnre.  R('poi't  of  (he  ('arlioni/.atiou  Committee. 
.\mericnn  Bas  Vssoe’ntioii.  p.  18,  1021. 
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-ratlier  spocial  disi illation  products,  liowever  valu- 
able they  may  iirove  to  be  in  the  future,  does  not 
exist  and  must  l>e  created.” 

The  oils  and  tars  obtained  from  the  low  tempera- 
ture carbonization  of  coal  are  considerably  great- 
er in  volume  and  are  of  different  composition  than 
tliose  obtained  by  liigh  temperature  processes. 
They  are  often  spoken  of  as  primary  tars  be- 
cause ordinaiy  coal  tar  is  formed  from  them 
tlirough  decomposition,  brought  about  Iw  the 
liigher  temperatures  to  which  tlie  gases  and  vapors 
ar<"  subjected  in  the  f)rdinary  coke  oven  or  gas  re- 
told. 0,n  the  otlier  hand,  the  fact  must  not  lie 
lost  siglit  of  that  even  the  ordinary  low  tempera- 
ture tar  preyiared  on  a commercial  scale  has  al- 
ready undergone  a limited  aniiount  of  decomposi- 
tion, due  to  secondary  reactions  that  have  had 
an  opportunity  to  take  place  in  the  retort,  as 
compared  with  vacuum  tars  prejiared  on  a small 
scale  in  the  clu'mical  laboratory.  As  Morgan  and 
Houle^  have  pointed  out,  the  low  heat  conductivity 
of  coal  makes  the  exact  nature  of  tars  distilled 
at  approximately  the  same  temperature  depend- 
ent upon  such  factors  as  agitation,  ixate  of  dis- 
tillation, the  thickness  of  the  fuel  layer,  and  the 
n'sulting  temiieratme  gradient.  Also,  the  pres- 
snri*  d(U(lop''d  inside  the  retort,  the  use  of  steam, 
the  size  of  the  gas  space,  the  temperature  of  the 
croAvn  of  th(‘  retort  and  other  conditions  control- 
ling the  escape  of  the  gases  are  factors  which 
have  an  important  influen  ;e  on  the  extent  to  which 
seco,ndai-y  reactions  are  developed. 

There  is  still  some  difference  of  opinion  among 
investigators  as  to  what  temperatures  are.  most 
desirable  for  this  type  of  carbonization.  Parr^ 
believ(‘s  that  the  upper  limit  to  which  low  tem- 
perature carbonization  can  be  carried  is  750  to 
800°  r.  Above  these  temperatures  the  low  tem- 
perature tars  commence  to  undergo  decomposition 
with  the  formation  of  compounds  characteristic 


_1.  Morgan.  .Ti'i-omc  ,T..  and  Sonlo.  Itoland  P..  f’liai'acteris- 
lii's  of  lo-^v-tei'icci-arni-r  tar.  riiem.  and  Mot.  Ens.,  Vol  26. 
pp.  92.S-928.  1922. 

2.  Parr.  S.  \V.  and  Ijaynp:,  1'.  E.,  Low  tcmiieratnre  car- 
bonization and  its  application  to  hi^h  oxygen  coals.  Jour, 
of  Ind.  and  Ena',  riicm.,  Vol.  1.3,  p.  14.  1921. 

2 ilonc.  William  S..  Poal  and  its  .scientific  n.ses-.  p.  1.3.3. 
T.ondon.  1919. 


of  ordinary  coal  tars.  Bone^  considers  tempera- 
tures of  from  450  to  550°  G.  as  the  most  desirable. 
Gluud^  defines  low  temperature  carbonization  as 
th.at  conducted  between  500  and  600°  C.  Both 
l*arr  and  Gluud  agree  that  at  temperatures  of 
SOO  degrc'es  and  above  tlie  low  tempm-ature  tars 
begin  to  undergo  appreciable  decomposition. 

Low  temperature  tars,  as  compared  to  high 
temperature  tars,  are  tliin  and  light,  having  a 
consistency  much  more  resembling  mineral  oils. 
Their  spedfic  gravities  very  closely  approximate 
unity  so  that  the  separation  of  water  from  them 
is  at  times  difficult.  They  contain  practically  no 
free  carbon.  Morgan  and  Soule®  found  that  a 
commercial  low-temperatnre  tar  produced  by  the 
]U’imary  retorts  of  the  “Garbocoal”  process  from 
Pittsbnrgli  coal  yields  32.17  per  cent  by  weight 
of  distillate  below  326°  G.  a,nd  atiuiosplieric  pres- 
sure, which  consists  chiefly  of  phenols  (42.7  per 
cent  by  weiglit),  cyclic  nnsatnrated  hydrocaiLons 
(41.5  per  cent),  naphthene  hydrocarbojis  (8.8  per 
cent),  paraffiiu  hydrocarbons  (5.1  per  centt.  and 
nitrogen  bases  (1.9  per  cent),  Jones  and  5\''heeler® 
have  examined  coal  tars  obtained  by  distillation 
in  vacuo  below  450°  ('.  A yield  of  approximately 
6.5  per  cent  of  the  weight  of  the  coal,  equivalent 
to  about  16  gallons  per  ton  was  obtained. 
Tlie  tars  ranged  in  specific  gravity  fi-om  0.967  to 
0.999  at  15°  G.  It  was  found  that  about  one-lia.lf 
of  this  tar  distilled  lielow  300°  G.  at  ordinary 
pressures.  The  distillate  yielded  unsaturated  hy- 
drocarbons (40  to  45  per  cent  i ; naphthenes;  liquid 
paratfins  (the  two  last  named  being  about  40  per 
cent  of  the  oil,  vitli  naplitlienes  predominating)  ; 
phenols,  chiefly  cresols  and  xylenols  (12  to  15 
per  cent)  ; aromatic  compounds,  which  on  ac- 
'•onnt  of  the  stability  of  tlieir  picrates  to  wa.ter, 
were  considered  to  he  lioni.olognes  of  naphtha- 
lene: pyridine  bases  in  traces:  and  traces  of  the 
solid  paraffin,  G^.„H-„.  Benzine  and  its  liomo- 


4.  Ohind  M’.,  Die  Tieftemi)i'r;itni-voi-kokung  dor  Srein- 
kohle,  2nd  edition,  ]i.  13,  1921. 

•I.  Morgan  .Teromo  J.  and  Roulo,  Roland  P.  oi).  cit.  pp. 
923-928. 

6.  .tone,s.  David  Trovor,  Tlio  thermal  decomposition  of 
low-temperature  coal  tar,  .Jour.  Soo.  Chem.  Ind.  Vol.  36,  pp. 
3-7,  1917. 
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lognes  were*  ub.seut,  as  wei'e  also  naplithalene, 
aulliiaeone,  plieuaiiliireno,  and  solid  aroinatiL- 
bodies  generally. 

The  yield  of  lar  and  oil  Iroin  bituniinons  coal, 
obtained  through  low  temperature  carbonization, 
depends  npon  the  composition  of  the  coal  and 
also  to  a certain  extent  upon  the  conditions  to 
which  the  coal  is  subjected  during  distillation, 
in  general,  it  may  be  said  that  the  volume  of  tar 
is  from  two  to  three  times  that  obtained  when 
the  same  coal  is  treated  in  the  ordinary  coke  oven 
or  gas  retort  at  high  temperatures.  From  an 
ordinary  bituminous  coal  with  proper  treatment, 
as  a rule  20  to  30  gallons  of  low-tempera tn re  tar 
can  Im*  obtained  per  ton.  German  gas  coals,  ac- 
cording to  OlumF,  yield  from  S to  12  per  cent  by 
weight  of  sucli  tar.  This  is  equivalent  to  approxi- 
mately 10  to  20  gallons  per  ton.  Curtis”  states 
that  a bitumiimus  coal,  -untaining  35  per  cent 
volatile  matter,  5S  per  cent  lixed  carbon,  and  7 
per  cent  ash,  yields  24  gallons  of  tar  per  ton  when 
treated  in  the  low-temperature  retorts  of  the 
"( ’arhocoar’  pi-ncess.  In  addition,  .U  > gallons  of 
light  oil  are  reco\(u-ed  from  the  gas.  Parr  and 
Olin-’  have  made  a rather  detailed  examination 
of  a low-temperature  tar  ( 400-500°  O. ) , obtained 
from  a Vermilion  County,  Illinois  bituminous 
coal,  which  ha<l  the  following  coniiposition 

per  cent. 


^Moisture  8.80 

Volatile  matter  43.05 

Fixed  carbon  39.43 

Ash  8.72 

Rul]>hur  2.88 


It  yielded  apjiroximately  S per  cent  by  weight 
of  tar  oi-  18  gallons  pei-  ton.  Tin*  tar  had  a spe  -i- 
tic  gravity  of  1.009  at  20°  C.  and  a free  carhoTi 
content  of  1.35  per  cent. 


1.  (ihiud,  W.  op.  cit.  p.  57. 

2.  rnrti.«,  Itai-iy  .V.,  Lnw-temporature  carbonization  of 
coal  and  manufacture  of  .smokele.ss  fuel  briquet.':.  Chem.  and 
Mer.  Fug..  Vol.  23,  p.  500,  1920. 


Tile  tar  was  lirsl  deiiydi-aled  and  then  subject- 
ed to  a pudiminary  distillation  by  which  it  was 
divided  into  the  following  fractions: — 


Light 

oil 

below  210 

(_’.  17.2  per  cent. 

licit  vy 

oil 

210  to  325 

G.  .52.7  - 

Pitch 

iibove  325 

U.  30.1  •• 

4 be 

light 

oil  friiclioii 

hiid  it  speciiic  gravity 

4' 

i and 

•ontiiimal 

the  following  constitu- 

ents : — 


Percentage  on  Percentage  on 
basis  of  crude  basis  of  light 
tar  oil  fraction. 


Light  (hi  fi'it 'lion 

17.2 

100.0 

Phenols  (iind  (dh(‘r 

iicid  sulisiiinces  i 

T).  1 

3;;.o 

.\niines  |;md  nlhe!' 

bases ) 

0.9 

5.3 

Paraffins 

3.12  i 

18.1 

Other  neiitriil  oils 

1 Pl.t; 

(by-  difference  i 

7.48  \ 

43.6 

Distribution  of  nenlr:tl  snbsfiince 

s in  light  oil. 

Fraction  (in 

T’ercentage  on  basis  of 

ertide 

tar. 

20  to  75 

.25 

75  to  95 

.38 

95  to  1 25 

1 .33 

125  to  170 

-1,77 

170  to  200 

2.67 

200  to  210 

1.32 

10.72 

The  heavy  (til  fraction  had  a specific  gravity  of 
1.032  mid  possessed  tlie  followdng  composition: 

Percentag(‘  on  Perctadage  on 
basis  of  crude  basis  of  heavy 
tar.  oil  fraction. 

Tliuny  nil  fraction  52.7  lOO.O 

Tar  acids  22.2  42.13 


3.  r.nrr.  S.  W.  nnd  Olin,  H.  L.,  The  coking  of  coal  at 
low  temperatures  with  special  reference  to  the  iiropertio':  and 
composition  of  tlie  products:  t'ni\ersit,v  of  Illinois  Fu:;ineer- 
ing  Experiment  Station,  Bull.  70,  pp.  20-26,  1915. 
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i'aralfins 

6.2'' 

11.76 

rsaphthalene 

0.0 

0.6 

Anthracene 
Other  neutral  oils 

o.u 

- 36.5 

6.6 

and  bases  by 
difference 

24.3^ 

46.11 

Distillatiou  of  the  acid  free  portion  of  the 
heavy  oil  fraction  gave  the  following  results: — 
Fraction  I’ercentage  on  basis  of 

crude  tar. 

210  to  250  degrees  ('.  2. ST 

350  to  270  “ - 13.55 

270  to  pitch  11.53 

27.95 

The  pitch  obtained  from  tlie  preliminary  dis- 
tillation had  a melting  point  of  110°  C.,  a specific 
gTavity  of  1.27  and  a fiee  carbon  content  of  12 
per  cent. 

.\  low-teinjieratnre  tar.  produced  by  the  pri- 
mary retorts  of  the  “Carhocoal”  process  from 
Pittslinrgli  coal,  has  l>een  made  the  sul)ject  of  a 
detailed  investigation  by  Morgan  and  Soule. ^ 

Tlie  coal  had  the  following  composition  com- 
pnted  on  a dry  Itasis: — volatile  matter,  35.30  per 
cent;  fixed  carlam,  57.92;  ash,  0.78;  nitrogen,  1.65 
and  snlphnr  1.77  per  cent.  It  yielded  11.3  per 
cent  by  weiglit  of  crude  dry  tar,  having  a speci- 
fic gravity  of  1.0670  at  15.5°  f.  This  is  equiva- 
lent to  25.4  gallons  per  ton.  The  tar  had  a free 
carbon  content  of  .71  per  cent. 

xV  dry  distillation  at  atimospheric  pressure  of 
tlie  dehydrated  tar  gave  tlie  following  results: 
Fraction 

lloiling  point  range 

Degrees  C.  Percentage  of  total 


(corrected  for  emergent  stem)  weight 

20-173  0.64  "1 

173-237  9.19 

237-2.81  12.50  [ 32.17 

281315  0.94  i 

31.5-.320  2.90  J 


Pitch  (by  difference)  • 07.83 

100.00 


1 he  distillati"  had  the  following  composition: — 


I’er  cent  by 

Per  cent  by 

weight  of 

weight  of 

distillate. 

crude  tar. 

Phenols 

42.7 

13.7 

Bases 

1.94 

6.624 

A1  tohols 
Hydrocarbons 

6.6 

0.0 

Paraffin 

5.1 

1.6 

Naphthene 

8.8 

2.8 

Unsaturated 

(cyclic)  41.5 

13.4 

Aromatic 

P»0.04  32.124 


The  composition  of  the  ])henols  was  found  to 
be  as  follows: — 


Percentage  liy  weight 


Phenol 

4.2 

Cresols 

.33.4 

Xylenol  fraction 

19.0 

Higher  honiologues 

34.8 

Pitch  (acid  resins) 

8.S 

100.0 

The  cresols  consisted  of  27  pc'r  cent  ortho-,  19 
per  '-ent  meta-,  and  54  per  cent  para-cresols. 

The  bases  contained  no  jirimary,  about  20  per 
cent  secondary,  a.nd  80  per  cent  of  tertiary  bases. 

The  pitch  obtaim'd  from  the  low-temperature 
tar  by  cutting  at  326°  C.  had  a specific  gravity 
of  1.134  at  15.5°  F..  a free  carbon  content  of  2.17 
per  cent,  and  an  air  meltiiiig  point  of  .53°  C. 

Gluud^  recommends  that  the  tars  be  rehned  by 
distillation  with  superheated  steam.  He  obtain- 


1.  lSror.a'an.  Jerome  J.  and  Sonle,  Roland  P..  op.  cit.  pp.  92.3-928  ami  977-981. 

2.  Olnnd.  W . D:e  Tieftemperatnrverkoknng  der  Stein kohle,  2nd  edition.  Hnlle,  p.  84,  1921. 
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ed  the  following 

products  from  low-temperal uia 

tar  from  gas  coal:-- 

Vield  '/, 

Huiliiig  range 

of  tar  I’roducl 

2b  ibo  L. 

.'!.()  I’arafliii  from  the  gas, 

100-200°  G. 

10.0  Light  oil. 

200-300°  G. 

12. r>  Low  viscosity  oil; 

solar  oil;  motor  oil; 
polishing  oil.  couiain- 
ing  1 per  cent  of 
fluid  paraffin  oil 

30(1°  to  dry  point  lo.O  Imbricating  oil  (V50 

2-30  deg.  E.j,  con- 
taining 1^/2  per  cent 
solid  paraffin. 

0.0  Red  resin. 

In  addition  to  the  above  ])rodncts.  50  per  cent 
of  the  tar  was  obtained  as  plnmolie  compounds, 
boiling  above  200°  C.. 

The  light  oils,  obtained  fronii  low-temi)erature 
tnrs  after  proper  refining,  make  excellent  motor 
fuel  and  will  Uiiidoubtedly  find  a ready  market 
for  this  purpose  as  soon  as  low-temperature  car 
bonization  is  d(‘velo];ed  on  a eomimu'eial  scale. 
Illuminating  oils  can  be  made  from  the  middle 
fractious  and  these,  as  well  as  the  heavy  oils  when 
used  in  combination  with  them,  can  he  employed 
as  fuel  for  internal  combustion  engines  of  the 
Diesel  type.  Good  lubricants  can  be  made  from 
the  heavier  fractions  by  steam  distilling  a.nd  re- 
moving the  phenols. 

The  tar  acids  or  phenols  Avhich  are  present  in 
lai-ge  quantities  in  low-temperalure  tars  have  a 
vai'iety  of  uses.  They  are  suitable  for  use  as  in- 
sectides.  iiueluding  di]t  oil  for  livestock,  and  for 
flotation  oils.  In  the  fufure.  they  will  probably 
also  he  ('xtensively  em]doyed  in  conneetiou  with 
timber  ]»reservatiou.  At  present,  the  greatest  de- 
mand is  for  the  manufacture  of  disinfectants. 

Fudouhtedly.  the  pitch  obfained  in  the  distilla- 
tion and  refining  of  low-temperature  tars  will  be 
found  to  be  suitabh'  for  many  of  the  same  pur- 
poses for  which  pitch  from  coke-oven  and  gas- 

1.  Glnud,  W.,  op.  cit.,  p.  67. 


work  tars  is  now  emidoyed.  In  ihc  ’m-ipocon  I ' 
piipcoss,  w liieh  is  essentially  a Iipw  l empera l lire 
one,  ihe  pitch  is  employed  in  making  briquets 
from  the  carbonized  coal. 

According  to  Glnud, ^ the  crude  lars,  without 
rnlining,  waua*  extensiwly  iisial  in  ('icrniany  as 
luliriciuits  during  I In*  war  ami  am  siill  esc  I lor 
that  purpose  to  a certain  exlenl  al  ihe  [p|-i‘sent 
time  wdiei'e  a low-grade  oil  will  answer.  'I'he 
crude  oil  can  also  be  employed  as  fmd  oil  with 
little  or  no  refining,  but  if  will  undoubtedly  iirove 
to  lie  so  much  more  valuable  for  oilier  puiqioses 
as  to  preclude  such  use.  According  lo  Ifrow  iilie-, 
the  whole  fi-action  ii])  to  30(1°  ('.  of  a low-leni- 
perature  far  produciMl  by  lln*  ‘‘coalili*"  iiroc(*ss. 
has  been  successfully  used  in  a -(pld-starl  ing 
Huston  and  Hornsby  oil  migiue.  and  resulted  in  a 
consumjuion  of  .4!)  poumls  ]ier  brake  horse-jiowiw 
at  the  most  economical  load. 

Oils  and  Tars  from  Cannel  Coal  and  Shale. 

(’annel  coal  differs  from  ordinary  coal  in  that 
it  contains  a higher  percentage  of  volatile  mailer, 
as  conqiared  with  fixed  carbon,  than  Ihe  latter. 
This  holds  true  in  most  instances  for  thosi* 
cannel  coals  which  occur  associated  with  ordinary 
coal  of  bituminous,  sub  bit umiuous.  and  lignitic 
rank;  but  in  the  case  of  cannels  whiih  ;,|p]ii(pach 
or  have  reached  semi-bituminous  rank.  s<p  much 
volatile  matter  has  been  lost  llmnigh  nieta mor- 
phism that  such  a distinctio,n  can  no  longer  be 
made.  The  organic  matter  of  canmd  coals  con 
sisfs  largely  of  plant  sjmri's  and  iioibni  grains, 
together  with  more  or  less  comminuted  nnnains 
of  low  order  of  W'ater  idants,  ]irobably  in  some 
instances  including  algae,  and  plants  free ’from 
woody  tissues.  Woody  portions  of  plants,  still 
showing  C(dl  structure,  which  are  so  prominent  in 
ordinary  coal,  are  present  only  in  small  (piantify 
or  may  he  entirely  absent.  As  a rule,  cannel 
coals  have  a high  ash  content  and  frequently 
grade  into  cannel  shale  on  this  account. 

2.  Brownlie.  David.  The  inanufaotnre  of  smokeless  fuel. 
Engineering.  London,  Vol.  EXIT.  p.  (rOl,  1021. 
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In  yvuerul,  icirger  quantities  of  oil  ean  be  ob- 
tained through  low-temperature  earbonization 
from  eannel  than  from  ordinary  bituminous  coal. 
Excei>tionally  high  grade  eannel  coals  will  yiebl 
or  even  more  gallons  of  water-free  oil  per  ton, 
and  many  are  ca])able  of  producing  42  gallons, 
or  one  barrel.  Low  grade  caniiiel  shales  may  only 
give  20  to  25  gallons.  The  quantity  and  character 
of  the  oil  depends  upon  the  nature  of  the  organic 
matter  present  in  the  coal  or  shale,  the  amount 
of  alteration  and  metamorphi.sm  which  it  has 
undcigone'  the  percentage  of  inorganic  material 
or  ash  present,  and  finally,  the  conditions  under 
which  cjirbonization  is  conducted. 

('annel  coal  oils  have  lower  specific  gravities 
than  low-temperature  tars  from  bituminous  coal — 
the  former  ranging  frotn  .88  to  .95,  while  the  lat- 
ter are  usually  very  nearly  1.00.  They  can,  there- 
for(‘.  be  more  readily  freed  from  their  water  (On- 
tent.  Tin*  percentage  of  tar  acids  present  in  them 
is  usually  considerably  smaller  than  that  in  the 
low-temperature  tars  fiamii  bituminous  coal ; in 
some  instances,  amounting  to  only  4 to  8 ptw  cent 
of  the  total  volume  of  the  oil.  as  conipai-ed  with 
25  to  50  per  cent  in  the  latter. 

Dunlap^  has  examined  oils  obtained  from 
Missouri  annel  coals  by  low-temperature  carbon- 
ization. His  results  with  eannel  coal  from 
llunccdon,  Cooper  County  and  eannel  shale  from 
the  Ouachita  mine  iiu  Morgan  County  are  per- 
haps most  typical  of  what  can  be  expected  from 
materials  of  this  char.acter  in  general.  The  proxi- 
mate analyses  of  the  Bunceton  eannel  coal  and 


Two  carbonization  runs  on  the  Bunceton  coal 
gave  53.5  gallons  of  oil  plus  5.09  gallons  of  water, 
and  48.32  gallons  of  oil  plus  7.00  gallons  of 
water,  resi>ectively,  while  two  similar  runs  on 
the  Ouachita  eannel  shale  yielded  27.79  gallons 
of  oil  plus  24.09  gallons  of  water,  and  25.13  gal- 
lons of  oil  plus  24.-49  gallons  of  water. 

Analyses  of  general  samples  of  the  oils  brought 
out  the  following  characteristics: — 


Specific  gravity 

Water,  per  cent 

Mashing  .point,  °P 

Burning  point,  “P 

Viscosity,  60  °C 

Tar  acid,  per  cent 

Tar  base,  per  cent 

Volatile  matter,  per  cent, 

-Xsh , per  cent 

Fixed  carbon,  per  cent 

Free  carbon,  per  cent 

Napiithalene,  per  cent 

Limpid  point.  °C 

Unsulpiionated  residue,  per  cent_ 


Bunceton 
eannel  oil 


.9152 


Ouachita 
eannel  oil 


.90S1 


6.00 

11.30 

110.0 

90.0 

200.0 

105.0 

1.16 

1.48 

6.80 

8.33 

1.00 

0.00 

91.81 

99.30 

.16 

.03 

2,02 

1.67 

7.04 

.87 

none 

none 

1.5 

4.0 

15.00 

80.16 

Fractional  distillation  tests  gave  the  following 
results : 


Bunceton 

Ouachita 

eannel  oil 

eannel  oil 

(per  cent) 

(per  cent) 

Water  _ 

6.6 

11  a 

Di 'tilling  up  to  170°  0.-  _ 

14.0 

8.3 

170  to  2-35°  O 

17.2 

2S.9 

2.35  to  270°  0 

13.4 

12.6 

270  to  365°  C 

38.8 

40.4 

Pitch  . _ - 

10.0 

4.5 

100.0 

100.0 

Berry  and  Dnnston  in  a report  on  the  eannel 
coal  deposits  of  Great  Britain  as  a possible  source 
of  oil  give  the  following  results  obtained  from 
various  tests  on  two  samnles  of  caond  oil.- 


Boghead  eannel  oil 


composition: — 

S])ccific  gravity 

1 

0.910 

Bniticeton  eannel 

Ouachita  eannel 

Water 

0.5 

coal 

shale 

Distilling  up  to  170°  C. 

8.0 

Moist  iii’i'  .,S2 

4.90 

170  to  230°  C. 

10.0 

Vol;itih‘ niiifter  51.42 

25.49 

230  to  270°  C. 

13.0  Sp.  Gr. 

=0.832 

Fixc(l  cprboii  .39. GO 

14.55 

270  to  350°  G. 

38.0  Sp.  Gr. 

=0,880 

Ash  8 1G 

.■^5.00 

Pitch 

30.5 

100.00 

100.00 

100.0 

1.  ITovard  I.im-o,v,  The  carbonization  of  Missouri  eannel  coals.  Ibill.  Missouri  School  of  Mines.  Vol.  .5, 
No.  1,  August,  ini9. 

2.  Kerry.  A.  C:.  V.  and  Dnnston,  A.  E..  ,\  new  British  oil  industry,  Part  III,  .Journal  of  the  Institution  of  Petroleum 
Teclmolngist.s,  Vnl.  4,  p.  1R2.  .\pril,  1018. 


OILS  AND  TARS  FROM  LIGNITE 


Tar  acids  averaged  9 per  cent,  of  the  total  dis- 
tillate. 

Another  cannel  oil 


Sj.eritic  g'ra^■ily 

Water 

Distilling  np  to  179“  C. 

ill)  to  C. 
230  to  270°  C. 
270  to  330°  C. 


Per  cent 
0.040 

7.0 
0.5 

8.0 
9.5 

27.0 

58.0 


Tar  acids  averaged  7 per  cent,  of  the  total  dis- 
iillate. 

In  conclusion,  it  may  be  stated  that  cannel 
coals  and  shales,  as  a rule,  not  only  yield  larger 
volumes  of  oil  per  ton  of  material  treated,  but 
that  these  oils  are  of  superior  (juality  to  those 
derived  from  ordinary  coal,  if  the  object  sought 
is  the  manufacture  of  substitutes  for  petroleum 
products.  Unfortunately,  cannnel  coals  usually 
run  so  high  in  ash  that  the  residue  obtained  after 
carbonization  has  little  value  as  fuel.  Also, 
uel  coal  and  shale  deposits  are  rarely  of  suffi- 
cient extent  to  warrant  the  expenditure  of  any 
very  large  sums  of  money  for  the  erection  of  xtlants 
to  treat  them.  They  will,  therefore,  never  play  a 
very  important  role  as  sources  of  oils  to  replace 
a waning  petroleum  supply. 

Oils  and  Tars  from  Lignites. 

Lignites  have  attracted  a certain  amount  of 
attention  as  possible  future  sources  of  oil  sup- 
ply. Lignites  as  mined  usually  contain  from  30 
to  35  per  cent  of  moisture  and  hence  do  not  make 
a very  desirable  fuel  in  a raw  state.  Low-tem- 
perature carbonization  is  om^  means  of  making 
commercial  fuels  from  them.  When  subjected  to 
such  carbonization,  oils  and  tars  are  among 
the  products  driven  off.  The  quantity,  as  well  as 


the  ([uality.  of  these  tars  (b'p.-nds  in  large  pait 
upon  the  nature  of  the  veget;d)le  debris  cmi^titu- 
ting  the  lignite. 

W'hite  and  Thiesseid  have*  distinguished  two 
Tvp(  s of  lignite,  a woody  or  xyloid  \ tudety  and  a 
canneloid  one.  The  torim  i-  consists  largely  of 
woody  material  with  only  minor  amounts  of  tiue- 
ly  divided  debris  oojurring  as  a tilling  betW(-en 
the  intersTices.  In  the  latter  the  linely  divided 
debris  predominates.  Woody  material  is  pi  acti- 
cally  absent.  These  coals  on  n i;-rost-o]uc  exaiaitm- 
tion  are  found  to  be  made  up  largely  of  resinoits 
bcalies.  spoi-e-^.  pollen  grains,  macerated  fragments 
c:  !'.:trk.  Laves,  and  cellulosic  debris. 

Lignites,  presumably  the  ordinary  or  woodc 
variety,  from  southeastern  tSaskatebewan.  Canada 
were  Carbonized  at  575  to  000°  C.  by  Stansfteld^ 
and  found  to  yield  from  4.2  to  0.0  imperial  gal- 
lons f5  to  8.3  U.  t8.  gallons  I of  tar  oils  per  ton 
of  2,000  pounds  when  aunputed  on  the  basis  of  a 
3:5  1 er  cent  water  and  7 ]>er  cent  ash  content. 
Tin  se  oils  have  a si)ecific  gravity  of  very  nearly 
l.C. 

Distillation  resulls  on  lignite  tai-  from  the 
carbonization  of  lignites  from  the  Lstevan  area, 
southeastern  Saskatchewan  at  .>75  to  OOO  ( .. 
were  as  follows:® 


85()urce  of  lignite 

Sluind  mine 

tVestern 

Bienfa 

Dominiou 

mine 

mine 

Kesults  on  dry  tar  basis — 

T^p  to  170°  C. 

8.2 

3.8 

4.7 

170  to  200°  C. 

4.5 

4.0 

O y 

200  to  270°  C. 

28.3 

23.0 

23.4 

270  to  310°  C. 

10.3 

20.4 

20.0 

Residue 

30.5 

45,1 

45.3 

Gas  and  Loss 

3.2 

1.0 

1.0 

100.0 

100.0 

lOO.U 

of  coal.  Bulletin  38, 

U.  S.  Bureau 

of  Mines,  191 

. stausneia.  rausar  luiu  vTiuntMt'.  aj.  ......  

H.H..  nnp,.,  T,  o,„.^  ion.  Mine, 

Rranch,  Dep.artment  of  Mines  Summary  Tteport  for  1919.  p.  35.  Ottawa,  Canada.  1920. 
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A caiineluid  lignite  from  tlie  Camdeu  field  in 
southern  Arkansas,  liicdi  has  been  utilized  to 
a sirall  extent  tor  the  distillatio.ii  products  that 
can  Ik*  olitained  from  it  by  carbonization,  yields 
as  liigh  as  :58  gallons  of  oil  per  tond  The  average 
oil  ];roduclion  from  the  lignite  as  it  is  mined  and 
distilled  approximates  2b  gallons.  The  distillates 
are  said  to  be  used  in  the  rubber  industry,  in  soap 
making,  in  paints,  and  in  various  proprietary  prep 
arations. 

Since  the  middle  of  the  last  century  canneloid 
lignites  have  been  extensively  utilized  iii  (lermany 
for  distillation  ])urposes  on  account  of  tlieir  rela- 
tively high  oil  yield.  Deposits  suitable  for  carboni- 
zation are  fou.nd  west  of  Cologne  in  the  Rhine 
Province;  in  Ihe  neighborhood  of  Tfalh  on  the 
Saale  in  the  T’lKtvinces  of  Saxony  and  Thuringia; 
a, ml  at  iMessel.  near  Darmstadt,  in  the  Tfesseii 
T’rm  ince. 

In  the  Saxon-Tliuringia  industry,  ihe  aierage 
yield  of  the  tar  froini  the  charge  at  the  ])resent 
lime  is  about  2^  to  5 pounds  per  bushel  of  50  to 
00  pounds  (equivalent  to  11  to  27  gallons  per 
ton). 2 In  formei-  years,  when  there  was  an  abun- 
dance of  richer  material  available,  it  was  con- 
siderably higher.  The  lignite  tars  have  specific 
gravities  of  from  0.850  to  0.910  determined  at  11° 
C.  (ill°  F.)  and  furnish  the  following  products 
on  refining. 2 

P(*r  cent. 


Taght  lignite  tar  oil  (b(*nzine)  2 to  .9 

Solar  oil  2 to  3 

Pale  vaseline  oil  10  to  12 

Oas  oil  :10  to  35 

Heavy  vaseline  oil  (yields  an  inf(*rior 
lubricating  oil)  10  to  15 

Hard  paraffin  ,S  fo  12 

Soft  paraffin  .q  to  (1 

Py-products  4 to  0 

tVater,  gas,  and  loss  20  to  25 


Gluud'*  gives  the  following  yields  of  refined 
products  that  are  obtained  from  tars  made  from 
Rhine  Province  lignites;  — 


Boiling  range  Yield  per  cent,  of  tar  Product 


Up  to 

200°  C.  - 

3.4 

Light  oil. 

200  to 

300°  C. 

2.5.0 

f3.1  V!i2  7.4° 

E.) 

J.ow  viscosity  oil. 

flO.5 

to, 9 V20  s..5° 

E.l 

Vi.scou.s  oil. 

300  to 

pitch  

\ 

[14.5 

[3.5  V^2J  7.5° 

E.J 

Crude  paratfin. 

■200°  C 

and  above 

27.6 

Tar  acids  and  small 

ainountii  of  base.'. 
2.f)  Resin. 

U.u  Pitch. 

100.0 


The  lignite  yields  7.5  ])cr  cent  of  crude  tar, 
figured  on  a moisture  free  basis  ( dried  at  105°  C.), 
w'liicli  is  ('(juivalent  to  about  20  gallons  per  ton. 

Peat  Tars. 

Peat  carbonization  plants  in  wliicli  tars  are  re- 
covered as  by-products  have  been  operated  in  Ba- 
varia, Germany,  and  Russia.  Tlie  quantity  of  tar 
represents  from  2 to  5 pel’  cent  of  the  dry  weight 
of  the  peat  used,  or  about  5 to  12  gallons  per  ton. 
The  dry  tar  yields  the  following  products;® 


Prude 

After  purification 

Per  cent. 

Per  cent. 

Light  naphtha 

IG 

12 

Heavy  naphtha 

30 

25 

Lubricating  oil 

15 

13 

Paraffiu  wax 

12 

2 

Pent-tar  ])itch 

10 

IG 

('reosote 

- 

12 

Loss 

1 ! 

20 

100  100 


1.  Wliite,  David  and  Thiessen.  Reinhardt,  op,  oit..  p.  18 

2.  Soheithancr.  W.,  Shale  oMs  and  tnrs.  translated  by  Chas.  Salter,  p.  33,  Ix)ndon,  1913. 

3.  Sr-hoithaner,  W„  op.  cit.  p.  113. 

4.  Olnnd,  W..  op.  eit.  p.  85. 

•5.  Abrnhnin.  tlei-bert.  Asphalts  anil  .Vllied  Substanoes,  2nd  edition,  pp.  200-202,  New  York,  1920. 


SHALE  GILS 


The  dried  peat,  tars  in  general  range  in  sp(*eitie 
gravity  from  0.90  to  1.05  at  77^  F.  Tars  recovered 
from  gas  producers  in  which  peat  is  used  as  a 
fuel  are  very  similar  to  the  above  in  composition, 
but  the  yield  o))ly  amounts  to  1 to  2 per  cent  by 
weight  of  the  dry  peat. 

In  northern  Xew  Zealand  around  Au -kland. 
peat  deposits  occur  in  whicli  are  found  consider- 
able quantities  of  kauri-gum.^  Kauri-gum  is  a 
resin  which  exudes  from  and  collects  in  yellow  or 
brown  lumps  at  the  Itase  of  the  kauri  tree.  Kauri- 
gum  is  used  in  the  manufacture  of  high-grade 
varnishes.  Tlu'  I'csidual  peat,  after  the  lun.ps  of 
resin  have  been  removed,  is  carbonized  with  the  re- 
covery of  from  lb  to  5b  gallons  of  kauri-gum  oil 
per  cubic  yard.  This  oil  is  said  to  yield  about 
15  per  cent  of  good  motor  fuel.  30  per  cent  of 
paint  oil.  30  per  cent  ('f  vaimisli  oiks,  and  the  bal- 
ance a comimercial  jiitch. 

Shale  Oils. 

The  enormous  deposits  of  oil  shale  whi'-h  oc- 
cur in  the  United  States  as  well  as  in  other  parts 
of  the  world,  cont.tin  a great  potential  reserve  of 
oil  that  can  and  undoubtedly  will  be  drawn  upon 
very  extensi\ely  in  tlie  rom]iaratively  near  future. 
As  soon  as  the  imp'^nding  shortage  of  ]ietroleum 
becomes  sufficiently  acute,  the  ])ric(*  will  rise  to  a 
point  where  the  develo]>ment  of  an  oil  shale  in 
dustry  on  a comnau-cial  scale  v ill  be  ]>ossibh>  and 
shale  oil  products  will  be  abb-  tu  compete  with 
peti'oleum  produ  ds.  Seme  invc'sTigators  ludieve 
that  this  ]ioint  will  hi'  r<'aehed  within  the  next 
five  years.  All  ])resen1  indications  are  that  the 
extensive  devtdopnnmt  of  such  au  industry  in  the 
United  States  will  be  inauuurat(''d  within  the  next 
ten  or  twenty  years. 

Oil  shales  consist  of  argillaceous  and  othei-  fine 
grained  mineral  scaliments  with  which  are  very 
intirriiately  associaft'd  ami  intermingled  varying 
amounts  of  organic  debris  of  vegetable  or  animal 
origpn,  in  most  instaimes  chiefly  the  former. 


Tlie  organic  di'lnas  on  carbonization  yields  oils 
which  in  many  respe  ts  resemble  crinle  petroleum. 
In  all  true  oil  slialcs.  the  (til  is  derived  from  or- 
ganic materials  which  were  deposited  with  the 
sediments  at  the  time  tliat  they  were  laid  down, 
and  is  not  derived  from  oil  which  has  set'ped  in 
from  some  outside  source  later  on.  The  oils  that 
art'  obtained  from  oil  shales  fiaun  difl't'rent  lo- 
calities vary  considerably  in  composition,  just  as 
do  the  iKdroletim  oils  found  in  various  parts  of 
tlu*  world.  In  addition  to  this,  tlu*  character  of 
tlu*  carl)onizaiion  process,  to  rvliich  the  shale  is 
Subjected,  also  has  a marked  influence  upon  the 
nature  and  composition  of  ilu*  oil  as  well  as  on 
the  yield. 

Thus  far  the  only  country  that  has  develoiped 
an  I'xtensive  oil  shale  industry  is  Scotland.  Shah*s 
were  first  resorted  to  in  Scotland  as  a source  of 
oil  in  18(12“  when  the  sttjiply  of  Torbane  Hill  min 
eral.  which  was  a variety  of  canm*!  coal,  became 
exhausted.  To  meet  the  keen  competition  which 
arose  with  the  rapid  expansion  of  the  petroleum 
industry,  the  lav-ger  companies  were  forced  to  con- 
solidate theii*  interests  and  continually  improve 
their  ]iractice,  whih*  the  smaller  ones  went  out  of 
existence*.  In  this  way  the  Scotch  industry  has 
maimged  to  sui-vive.  although  it  has  been  hard  hit 
since  tlu*  close*  ed  the  Worhl  War.  At  present. 
\’ery  litHe*  slutle*  is  be'ing  mineel.  The  varierus  ceem- 
p inics  (operating  in  the  Sceitch  shale  fields  have 
united  into  one  organizatiern.  known  as  Scottish 
Oiks,  limited,  which  lias  made  an  arrangement 
with  the  Anglo-Uersian  Oil  Oeunpany  by  which  the 
hitter  furnishes  crude  oil  from  Pemsia  to  oper.ite 
the  refineries  formerly  run  on  shale  oik  This 
state  of  affairs  has  been  brought  about  by  the  in- 
creased cost  ol’  labor,  the  gradual  exhaustion  of 
the  richer  and  more  readily  accessible  beds  of 
shale,  and  the  increased  importation  into  Great 
Uritain  of  crude  ]aetroleum  from  its  foreign  do- 
minions. Ti'hether  it  will  again  be  ttossibh*  to 
work  Ihe  oil  shale  deposits  of  Scotland  on  an  ex- 
ti'usive  scale,  after  the  present  business  depn*s- 
sion  has  passed,  remains  for  the  future  to  deter 


1 The  Oil  and  Oas  .Tounial,  .Tulv  -f.  1010,  p.  2.  Kauri-ffiini  indnstr.v  in  New  Zealand.  Choni.  and  ^^et.  Tin.?..  ^ <'h  2-1, 
p.  1197,  1920.  , . _ , . 

2.  Stenart.  O.  It..  The  rlieinistr.v  of  the  nil-shales;  Tie  nil  sliales  nf  the  T.othians.  2ml  ed.  pt.  .S.  p.  l-ti.  Seotland 
Oeol.  Survey  Mem.,  1912. 
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ut; 

mine. 

Oil  Shales  ol'  Seotlaiul. 

The  oil  shales  ol  Seutlaiid  occur  in  strata  of 
l.ower  Carhonif(*rous  a^e.  Tl.ey  lie  below  Tin* 
Imwer  Carhonibwous  marine  limestone  of  south- 
ern KS;otland  and  above  the  recognized  Devonian. 
The  shale  worked  in  recc.nt  years  has  been  yield- 
ing approximately  10. ()()()  cubic  feet  of  gas  having 
a heating  value  of  about  240  E.  t.  u.  per  1.000 
cubic  feet,  appi'oximately  24. .5  lb  S.  gallons  of 
crude  oil,  and  •>(>  itoumls  of  ammonium  sulphate- 
per  short  ton.^ 

4'he  yield  of  rehued  produels  has  been  some- 
what as  follows: — 

Per  cent. 

Naphtha  (including  scruliher  naphtha) 


450°  F.  end  point  0.9 

Eurning  oils  (kerosene  and  the  like)  24.7 
Gas^aml  fuel  oils  24.4 

Lubricating  oils  0.7 

Wax  9.5 

Still  coke  2.0 

Loss  22.8 


100.0 

According  to  Steuart,^  the  oil  shale,  after  be- 
ing broken  u])  by  machines  of  special  construction 
and  subjected  to  destructive  distillation  in  retorts, 
gives  crude  oil,  ammonia  water,  and  gas.  The 
crude  oil  is  r-etined  liy  repeateO  distillations  and 
treatments  with  chemicals,  and  the  marketable 
in-oducts  are: — 

1.  Shale  siurit  or  naphtha,  wdth  specific  grav- 
ity from  .000  to  .750  at  00°  P.  fl5.5°  C.i. 
Oils  too  volatile  for  safety  in  domestic  il- 
lumination. and  used  chiefly  as  solvents  and 
for  TUotoT'  s]urit. 

2.  Eurning  or  lani]i  oils.  Rp.  gr.  .770  to  .8.40, 
the  average  being  about  .800.  TLsed  for 
lamp  and  internal  combustion  engines. 

.4.  Gas  or  intermediate  oils.  Sp.  gr.  .840  to 
.805.  witli  properties  intermediate  betwmen 

1.  O.'ivin.  M.-irtin  ,T.  Tlip  noecssity  for  resp.arch  in  tlip 

2.  Rtpnart.  D.  R.  op.  cit.  p.  136. 

3.  Rteuart.  D.  R.,  op.  cit.,  pp.  138-139. 


those  of  the  btiruing  and  lubricating  oils* 
and  used  for  gas  making,  gas  enriching,  fuel 
for  the  Navy,  internal  combusTion  (Uigines, 
and  foj-  (deaning  pui'])oses. 

4.  Luhriiating  oils.  Sp.  gr.  .SG5  to  .895.  of 
high  hoiling  juiint  and  viscosity,  used  for  In- 
lu-i eating  machinery. 

5.  Solid  paraffin.  Meiting  points  from  100° 
to  1;10°  F.  (38  to  54°  C.I.  Fsed  for  candle 
making  and  other  purposes. 

6.  Still  coke,  still  greasia  etc. 

7.  Still  gases  used  for  illuminating  the  neigh  - 
boring villages. 

In  1910,'*  the  production  was  approximately  as 
follows : — 

Shale  distilled .■>.130,000  tons 

Grnde  oil  prodnc(*d 273.000  tons  or 

70.000,000  gallons 
The  marketable  ])roducts  were: — 

Motor  s]*irit  000,000  gallons 

Naphtha  4,400,000 

Eurning  oil  2 '.000,000 

Gas  fuel  oils 12.000.000 

Lubricating  oils 10  000.000  '■ 

I’araffin  wax 25.000  tons  . 

Sulphate  of  ammonia 54  000  “ 

In  analyzing  the  above  statistics  it  must  be 
kept  in  mind  that  in  Great  Britain  the  long  ton 
(2,240  pounds),  is  used,  and  the  Imperial  gallon, 
wdiich  equals  1.20095  U.  S.  liquid  gallons.  Re- 
casting the  above  fi.gnres  into  American  units, 
the  average  yield  per  ton  of  2,000  pounds  was  as 
follow's: — 


Crude  oil 

24.0  gallons  ( 

F.S.) 

Motor  spirit 

.3 

a 

ii 

Naphtha  

1.5 

u 

a 

Eurning  oil  

. 6.9 

a 

a 

Gas  or  fuel  oils 

4.1 

iC 

u 

Lubricating  oils  

. 3.4 

u . 

u 

Paraffin  w'ax  

, 10.0  ] 

lonnds 

Sulphate  of  ammonia  . . 

. 34.5 

a 

.shale  industry.  Chein.  and  ^^et. 

Rnsr..  Vnl. 
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OIL  SHALES  OF  SCOTLAND  AND  CANADA 


Scoldi  retorts  are  built  in  two  sections.  The 
upper  part,  made  ot  cast  iron,  is  about  \'l  feet 
long,  circular  in  cross-section,  and  lias  a vapor 
outlet  near  the  top.  Shale  wlrich  has  been  passed 
Through  tootlual  rolls  is  fed  into  it  at  intervals 
from  a hopper  placed  above  the  retort.  In  this 
upper  portion  tin*  teniperatnre  does  not  e-weed 
900°  F.  (482°  C.j,  and  it  is  here  that  most  of 
the  oil  is  distilled  off. 

The  lower  part  of  the  retort  is  circular  in 
cross-section,  about  18  feet  high,  and  is  built  of 
special  shaped  lire  brick.  The  joint  between  the 
upper  and  lower  parts  is  sealed  with  tire  clay. 
The  whole  retort  tapers,  having  an  internai  di- 
ameter of  about  2 feet  at  the  top  and  3 feet  at 
the  bottom.  In  tin*  lower  oi'  masonry  part  the 
temperature  is  raised  to  about  1500°  F.  (816°  C.). 
This  portion  of  the  retort  serves  mainly  as  an 
ammonia  and  gas  producer.  About  105  gallons 
of  water  in  the  form  of  exhaust  steam  is  ad- 
mitted at  the  bottom  for  each  25  gallons  of  oil 
produced.  The  steam  serves  to  absorb  the  heat 
from  the  spent  shale,  to  produce  water  gas  from 
the  fixed  carbon  remaining  in  the  spent  shale, 
to  distribute  evenly  the  heat  in  the  retort,  to 
produce  ammonia  from  the  nitrogen  of  the  shah-, 
and  to  carry  off  the  oil  products  formed. 

Distillation  with  st(*am  increases  the  yield  of 
ammonia  about  two  and  otic  half  times,  as  com- 
pared with  dry  distillation,  and  also  ]u'oduces 
more  and  better  oil.  The  spent  shale  is  discharg- 
ed continuously  from  the  bottom  of  the  retort. 
Tt  contains  only  11  to  2 per  cent  of  fixed  carbon. 

A retort  of  this  type  Avill  produce  approxi- 
matelv  100  gallons  of  oil  per  day  whether  it  is 
working  on  rich  or  lean  materials.^  Each  retort 
with  its  supply  hopper  holds  about  nine  tons  of 
shale.  The  feed  is  by  gravity.  Four  retorts  arr' 
set  in  a common  furnace  and  are  heated  by  the 
combiistion  of  the  fixed  gases  resulting  fimm  the 
distillation  of  the  shale,  supplemented  liv  coal 
■producer  gas  when  necessary.  Sixteen  of  the 


abov('  units  constitute  a l)cnch,  two  retorts  w idc 
and  tiiirty  two  retorts  long. 

The  operation  of  mauufacturiiig  liuislied  [uo- 
ducts  froju  tli(‘  crude  shaie  (dl  is  somewliat  simi- 
lar to  that  of  refining  jietroleiim.  The  total  crude 
from  the  retort  comhmsers  is  first  run  to  coke. 
The  distillate  is  tlieii  sejcirated  iuto  sevf'ral  fiac- 
tions  liy  distillation,  fi’liese  ;ir('  treat(-d  wilh 
sulidiuric  acid  aiid  caustic  soda  solution  and  re- 
distilled. In  the  case  of  some  of  the  products, 
this  is  repeated  a second  time.  According  to 
Steuart,^  the  suli)lniric  acid  used  in  refining  com- 
bines with  the  pyridene  bases  and  other  liasic 
sTibstances,  the  bulk  of  the  phenols,  the  sulphur 
compounds,  and  the  hydrocarbons  that  are  less 
saturated  than  olefines.  The  caTistic  soda  solu- 
tion extracts  jihenols  and  acids.  Tn  the  finishing 
treatments,  an  effort  is  made  to  extract  the  last 
traces  of  the  com]iounds  more  uusaturated  than 
olefines,  and  also  the  sulphur  com])ounds : and 
for  this  purpose  sufficient  acid  is  used  to  attack 
;i  litth‘  (ff  the  olefines. 

1 »il  Shales 

of  New  Brunswick  and  Nova  Scotia,  Canad;i. 

Bather  extensive  deposits  of  oil  shale  are  found 
in  New  Brunswick  and  Nova  Scotia.  Canada.  In 
New  Bi-unswick  they  occur  in  the  ujiper  portion 
of  the  Devonian;  in  Nova  Scotia  they  are  found 
a.t  several  horizons,  in  ]»aid  iii  the  F]i]»er  Devon- 
ian. and  also  in  the  l'])i»er  Carboniferous  or  Penn- 
sylviinia  strata  at  tin*  (cise  of  tin*  ( oal  measures. ^ 

In  1908.  45  to  50  tons  of  oil  sliale  from  the 
Irving  seam  near  Baltimore.  Albert  County  New 
Brunswick,  which  has  a thickness  of  about  six 
feet  at  this  locality,  were  mined  and  ship]»ed  to 
the  works  of  the  Pumjdierston  Oil  Comiiam'  of 
Scotland  for  a test  on  a commercial  scale.  From 
363 ■(  long  tons  of  this  shale  1.473  gallons  of  crude 
oil.  an  average  of  40.09  Imperial  gallons  per 
ton.  of  specific  gravity  0.919,  were  obtained.  The 


1.  P.avin.  M.irtin  .T.  The  necessity  for  research  in  the  oil  shale  industry.  Chem.  and  5tet.  Enc;..  Vol.  2-3,  p.  400,  1020. 

2.  Stenart.  P.  R.  op.  cit.  p.  189. 

Ells,  R.  W..  Riituminons  shales  of  Nova  Scotia  and  New  Riainswick.  Geolosical  Survey  Braneh  Depai't'nent 
of  Mines  of  Panada  Summary  Report  tOOS.  j).  132.  Otta  \,i.  1909. 
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aminoiiiuni  sulphate  yield  was  77  pounds  ix-r 
ton.'  Tliis  is  e(piivah‘iit  to  -18  U.  S.  gallons  of 
erndi'  oil  and  G9  pounds  of  amiuoninm  sulphate 
per  ton  of  2,000  pounds. 

Two  methods  of  rehuing  the  crude  oil  rtere 
us(m1.-  In  method  A,  the  crude  oil  was  distilled 
and  fractionated  into  (1)  crude  naphtha  and  (2) 
crude  distillate.  The  crude  distillate  was  treated 
with  sulphuric  acid  (1.84  sp.  gr.)  and  caustic 
.soda  solution  (1.35  sjc  gr.),  then  again  distilled 
and  fractionated  into  (3)  crude  burning  oil,  (4) 
heavy  oil,  and  (5)  residuum.  Nos.  (1)  and  (3) 
wer<‘  further  refined  by  treatment  with  acid  and 
soda  and  distillations.  No.  (4)  was  cooled  to 
a low  temperature  and  filter  pressed  to  extract 
the  solid  jiaraflin  (0).  The  blue  oil  (7)  was  fil- 
tered from  (4).  treated  with  acid  (1.72  and  1.84 
s]).  gr. ) and  soda  (1.35  sp.  gr.),  distilled  olf  of 
solid  caustic  soda,  and  fractionated  into  various 
products;  the  refining  of  some  of  these  being 
coiu]>leted  by  a final  treatment  with  acid  and 
soda. 

In  method  11,  the  crude  oil  was  treated  with 
sulphuric  acid  (1.22  sp.  gr.),  then  distilled  and 
fractionated  into  (1)  crude  naphtha,  and  (2) 
crud<“  distillate.  The  crude  distillate  was  treated 
with  sulphuric  acid  (1.72  and  1.84  s]c  gr. ) and 
caustic  soda  solution  (1.35  sp.  gr.).  then  again 
distilled  and  fractionated  into  (3)  crude  burning 
oil,  (4)  heavy  oil,  and  (5)  residuum.  No.  i4), 
cooh'd  and  filtered,  gave  solid  paraffin  (6)  ,aud 
blue  oil  (7).  No.  (7)  was  then  treated  with  acid 
(1.84  sp.  gr.)  and  soda,  distilled  off  of  caustic 
soda,  and  fractionated  into  various  products;  the 
refining  of  some  of  these  being  completed  by  a 
fmal  ti-eatmeut  with  acid  and  soda. 


Tabular  statement  of  refined  products. 
Method  A. 


Product 

Gallons  per 
too  gallons  of 
crude  oil 

Sp-’clfle 
gravity 
60°  P. 

Setting 
point 
Deg.  F. 

Melting 
Iioint 
Dog.  P. 

Ucavv  naphtha.  . 

1.62 

0.7670 

liurniiifi-  oil  ... 

10.04 

0.7954 

Gas  oil  ....  . . 

14.87 

0.8431 

2L° 

• ’leaning  od.  . 

2.8.3 

0.8713 

2.5° 

Imbricating  oil  . ...  ... 

9.. 58 

•'.89.57 

.30° 

Crude  wax - 

2.26 

112.26° 

CriKle  wax. ... 

o.rm 

•ni .0  ° 

Crude  wax  . 

Ki  .‘siduuni  from  blue  oil 

(refined)  .. 

0.28 

Re  iduuni  from  treated 

crude  distillate  re- 

fined)  

1.27 

43.68 

Total  crude  wax  containing  4 per  cent.  oil= 
3.19  gallons=2.907  gallons  refined  wax,  melling 
point  108.98°  F. 

Sulphuric  acid  used  in  refining  100  gallons 
crude  oil=4.705  gallons  (1.84  s]i.  gr.). 


Method  B. 


I’roduct 

Gallons  per 
100  gallons  of 
crude  oil 

Specific 
gravity 
60°  P. 

Sotting 
point 
Deg.  F. 

Melting 
point 
Deg.  F. 

Heavy  naphtha  . ..  ... 

1.45 

0.7670 

Burning  oil 

11.50 

0.79.55 

Gas  oil  ...  

1.3.04 

0.84.50 

25° 

Cleaning  oil  . 

1..56 

0.8705 

26” 

Lubricating  oil..  . 

n.0.3 

0.89-35 

.30° 

Crude  wax.  . . 

2.21 

111. .3“ 

Crude  wax  ...  ...  . 

0.60 

104.0^ 

Crude  wax  ... 

0.16 

84.0’ 

Re.siduum  from  tiluc  oil 

(refined)  . . . . 

0..57 

Residuum  from  treated 

crude  di.stillatc  (re- 

fined)  

1.05 

44.07 

Total  crude  wax  coutaiiiiug  4 per  cent,  oil-— 
2.97  gallons=2.2707  gallons  refined  wax,  melting 
lioint  108.38°  F. 


8ul]>huric  acid  used  in  refining  100  gallons 
cnide  oil— 4.08  gallons  (1.84  s]i.  gr.). 

Flash  ])oint  of  burning  oil:  117°  F.  (Abel 

clos(‘  test).  4h’scosity  of  lubricating  oil:  200 

se-onds  at  70°  F.  (Redwoods’  api)aratus). 


1.  Klls.  4!.  \V.  .Toint  on  tho  Itituminons  oil-sli mIos  of  Now  Rrnnswick  and  Nova  Scotia,  Part  TT,  p.  44, 

Goolngv  No.  1107.  Panada  Dep.  Mines.  Ottawa.  1010. 

2.  Plls,  1*.  AV.  .Toint  report  on  the  1)ilnininons  oil  shales  of  New  Prunswick  and  Nova  Scotia.  Part  T,  Economics. 
No.  p]).  1.2-14.  Panada  TTep.  Mines.  Ottawa.  1010. 


OIL  SHALES  OF  THE  UNITED  STATES 


Oil  Shales  of  the  United  States. 

The  largest  deposits  of  high  grade  oil  shale  in 
the  United  States  and  perhaps  in  the  world  omir 
in  the  Green  Liver  formation  of  Eocene  (early 
Tertiary)  age  in  northwestern  Colorado,  north- 
eastern Utah,  and  southwestern  Wyoming.  In 
describing  these  deposits,  Winchester  states  that 
in  (V)lorado  alone  there  is  sufficient  shale,  in 
beds  that  are  three  feet  or  more  thick  and  capable 
of  yielding  more  oil  per  ton  than  the  averaue 
shale  now  mined  in  Scotland,  to  yield  20,000,000,- 
000  Vvarrels  of  crmle  oil  and  300,000,000  tons  of 
ammoninm  snlj)hate.  He  estimates  that  the  area 
in  TUah  underlain  by  the  Green  River  formation 
contains  enough  shale  to  produce  12.SOO.000.000 
barrels  of  crude  shale  oil,  with  perhaps  500,000,- 
000  tons  of  ammoninm  sulphate  as  a by-i»rodnct.- 

Of  51  samples  of  oil  shale  from  Colorado  tested 
by  Winchester®  in  1014,  17  samples  yielded  less 
Than  10  gallons  of  oil  to  the  ton;  18  samples, 
between  10  and  20  gallons;  10  samples,  between 
20  and  30  galLms;  3 sam])les,  between  30  and  40 
gallons ; 2 samples,  40.6  gallons  each ; and  1 
sample,  65.3  gallons.  Of  34  samples  from  ITali 
teste<l  in  1015.  6 yielded  less  than  10  gallons  of  oil 
to  the  Ton  of  shale;  7.  between  10  and  20  gallons; 
7.  lietwciMi  20  and  30  gallons;  0,  bet\\een  30  and 


20 

40  gallons;  and  5.  more  than  40  gallons.  The 
maximum  yield  of  00  gallons  to  tiie  ton  was  ob 
tained  from  a thin  lied  near  tt'atson,  Utah.  Of  3o 
samjdes  from  Wyoming,  35  yielded  less  than  3't 
gallons.  Of  the  remaining  4,  a 2-foot  bed  yielded 
50  gallons  to  the  ton. 

Reds  of  oil  shale  up  to  100  feet  in  thickness 
are  known,  but  tistially  such  beds  are  lean.  Reds 
of  very  rich  shale  are  rarely  of  any  great  thi<  k- 
ness,  often  le.ss  than  two  feet.  In  the  thicker 
deposits,  as  a rule,  lean  beds  are  interstratified 
with  the  richer  ones  and  reduce  the  avcu'age  oil 
content  of  the  whole  \ (n-y  ednsiderabl \ . OIa|i]i.'‘ 
in  a reference  to  tin*  oil  shale  deposits  of  Golorado 
and  T"tah,  states  that  the  best  exposnia*  of  oil  shale 
ever  examined  by  a representative  of  tin*  Associ- 
ated Petroleum  Engineers  was  100  feet  thick. 
This  a\  eraged  28  gallons  to  the  ton  for  The  eiiTire 
thickness,  but  contained  one  bed  40  feet  thick 
which  averaged  40  gallons  to  the  ton. 

Ga\in  and  Karriek’’  h;i\e  jireiiared  tin*  follow- 
ing table  representing  a tabulation  of  some  of  the 
]iro]ierties  of  commei'cial  crude  Scotch  shale  oil 
and  oils  made  from  Scotch  ami  T^tah  shales  in 
the  U.  S.  Rureau  of  Mines  assay  retort  as  brought 
(lUt  by  distillation  analys(*s  made  in  the  Rni’eau's 
laboratories; — 


1.  Winchester.  Dean  E..  Oil  shale  in  northwestern  Colorailo  nml  :uliacent  areas:  E.  S.  Oeol.  Sur\ev,  Hull,  ftl-l. 
p.  141,  1916. 

2.  Winchester.  Dean  E.,  Oil  shale  of  the  TOnta  P>asin,  Xortlnxe.stern  T'fah:  E.  S.  Oi'ol.  Surve.v.  Dull.  691.  p.  28.  191S. 

3.  Winchester  Dean  E..  op.  cit.  Rull.  641,  p.  142. 

4.  riani).  F.  O..  The  relation  of  the  iietrolenrn  enuineer  tn  the  oil  sliale  indusrrv  : Associated  I’etroleuin  Engineers. 
Bull.  3,  New  York,  1920. 

5.  Oavin.  Martin  .1.  ;ind  Karriek.  Lewis  O..  Nature  of  shale  oil  obtained  from  oil-shale  assa.^-  retort  used  Ir,-  the 
Bureau  of  Mines.  T’.  S.  Bureau  of  Mine.s.  Report  of  In  vest  igatheis.  Serial  No.  2'_’.54.  .Iniie  lOL’l. 


OIL  RESOURCES  IN  COALS  AND  SHALES 
Properties  of  Commercial  Crude  Shale  Oil 


;!0 


Source  of  oil. 


Retort  

Retorting-  time 


Yield  of  oii  per  ton  

Specific  gravity  of  oil  

Setting  imint  of  oil,  deg.  V.  

Distillation,  first  drop,  deg.  

Per  cent  distilled  to  200°  C.  

Unsaturation,  200°  C fraction,  per  cent 

Per  cent  distilled,  200-275°  O.  

Unsaturation,  200-275°  C fraction,  per  cent 

Vacuum  fraction  to  200°  C.  per  cent 

Specific  gravity  

Vi.scosity  

Setting  point,  deg.  C.  

Vacuum  fraction  200-225°  C,  per  cent  

Specific  gravity  

Viscosity 

Setting  point,  deg.  C.  

Vacuum  fraction  225-250°  C.  per  cent 

Specific  gravity  

Viscosity 

Setting  point,  deg.  C.  

Vacuum  fraction  2.50^75°  C.  per  cent 

Specific  gravity  

Viscosity 

Setting  point,  deg.  C.  

Vacuum  fraction  275-300°  C.  per  cent  

Specific  gravity  

Viscosity  

Setting  point,  deg,  C.  


* Not  determined. 

Combined  with  next  higher  cut. 

Tlie  iibove  distillation  analyses  show  that  the 
oil  made  from  Scotch  shale  by  the  assay  retort 
is  somewhat  snjierior  to  that  produiced  in  com- 
mercial operatioiiis  in  Scotland,  except  as  regards 
unsatnration  percentage.  The  difference  in  nn- 
saturation  percentage,  however,  is  small.  The 
oil  produced  from  the  Green  River  shale  from 
Soldier  Summit,  Utah  by  the  assay  retort  is  nearly 
equivalent  to  that  made  from  Scotch  shale,  both 
by  commercial  operations  in  Scotland  and  by  the 
assay  retort  in  the  lalioratory,  exce})t  as  regards 
percentage  of  nnsafnrafion.  This  is  a qnite  im- 
portant ])oint  as  nnsatnration  itercentage  is  an 
indication  of  the  relative  magnitude  of  refining 
losses.  The  Soldier  Summit  shale  oil  apparently 
contiiins  a higher  percentage  of  paraffin  wax  than 
the  other  oils  examined,  as  indicated  liy  setting 
points  of  the  crude  oils  and  percentages  and  sett- 
ing ifoints  of  the  vaennm  fractions.  The  Pennsyl- 
vania crude  is  superior  to  the  shale  oils  exce])t 
in  paraffin  content,  as  indicated  by  setting  points. 

In  the  eastern  United  Statf's  tin*  largest  de- 
posit of  oil  shale^  is  found  at  one  general  horizon 

1.  Aslilpv.  (tfor.gp  TT..  Oil  resources  of  black  shales  of 

P.  1112,  1917. 


Scotch  shiile 

Scotch  shale 

Shale  from 
Soldier 
Summit, 
Utah 

Shale  from 
Soldier 
Summit, 
Utah 

Pennsyl- 
vania crude 

Scotch 

assay 

assay 

assay 
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in  the  Upper  Devonian  and  possibly  in  part  ex- 
tending into  the  Lower  tMississippiaii.  It  under- 
lies the  eastern  coal  fields  and  crops  ont  in  a 
long  line  from  central  Alabainm  northeastward 
throngh  Tennessee  and  Virginia  and  all  around 
Ihe  Nashville  P>asin  in  central  Tennessee.  West 
of  tlie  Appalachian  coal  field,  its  outcrop  extends 
from  north  to  south  across  central  Ohio,  passing 
close  to  Colnmhns  and  reacliing  the  Ohio  River 
near  Vancehnrg.  Thence  the  ontcro])  makes  a loop 
Ihrongif  central  Kentucky  past  Lebanon,  and 
northward  to  Lonisville,  from  which  it  stretclies 
in  a broad  belt  northwestward  across  Indiana, 
]-)ast  Indianapolis,  nearly  to  Uhicago.  From  this 
western  belt  of  ontcrop  the  shale  extends  eastward 
under  eastern  Ohio  and  nnderlies  nearly  all  of 
Kentucky  except  the  area  within  the  loop  describ- 
ed and  all  of  Indiana  west  of  the  ontcrop. 

Althongh  the  total  volume  of  oil  shale  ])resent 
is  voi'v  large,  perhaps  exceeding  that  fonnd  in  the 
Oi’ccn  River  formation  of  the  western  Thiited 
States,  the  shale  is  low  grade.  In  very  few  places 
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thus  Lu-  sampled  and  tested  has  tiie  yield  of  oil 
been  equal  to  that  obtained  from  the  Scotch  sliales 
mined  and  retorted  in  recent  years. 

T\^o  samples  collected  by  Ashley  near  tllen 
INlary,  Ohio  in  1914  o-ave  5.B  and  7.7  ejallons  of 
oil  per  ton.  respectively.  Five  samples  obtained 
near  A(*\v  Albany  gave  yields  ranging  from  3.5  to 
11.9  gallons  ](er  ton.  the  average  being  S.l  gallons. 
Reeves.^  who  has  made  an  investigation  of  the 
New  Albany  shale  of  Tndia.na  for  the  Indiana 
Geological  Survey,  states  that  the  thickness  along 
the  outcrop  in  that  State  ranges  from  20  to  100 
feet.  Tn  7 tests  reported  by  him  the  yield  ranged 
from  12  to  30  gallons  per  ton  with  an  average  of 
18  gallons.  Reeves,  in  his  preliminary  report, 
gives  the  following  data  on  the  oil  obtained  from 
the  Xew  Albany  shale  of  Indiana: 

Specihc  gravity  of  the  oil  averages  .8900 

Fractionation  of  the  oil  yields: — 

Per  cent. 


Up  to  150°  17.75 

150  to  200°  C.  11.75 

200  to  250°  C.  17.75 

250  to  300°  C.  16.00 

above  300°  G.  8.50 

Coke  and  tar  28  25 


Temperature  of  carbonization: — B(‘St.  850  to  900° 
F.  (456  to  482°  C.) 

Ammonium  sulphate: — from  5 to  20  ]ionnds  jm!’ 
ton. 

Total  nitrogen  in  shale: — from  .25  to  1.00  per  cent. 
Gas: — from  500  to  2500  cubic  feet  per  ton. 

One  sample  of  the  Chattanooga  shale  from  near 
Louisville.  Ky..  reported  by  Ashley  in  1917,  ran 
11.2  gallons  to  the  ton.  19  samples  from  scattered 
localities  in  Kentucky  examined  by  Jillson^  yield 
from  8 to  27.75  gallons,  the  average  being  16.1 
gallons.  7 sanp)les  collected  by  Ashley  in  eastern 
Tennessee  gave  yields  from  a ti‘ace  to  7.7  gallons 
per  ton.  wliile  5 samples  from  the  central  portion 
of  the  State  ranged  from  none  to  9.1  gallons. 


oil  sliales  are  found  at  mimei-ous  other  geologi  ' 
horizons  and  in  many  other  localities  in  the  United 
[States,  although  not  in  such  extensive  di'posits  as 
those  mentioned.  In  northeastern  Nevada  in  the 
vicinity  of  Elko,  an  oil  shale  of  probable  Mio,  ene 
age  is  being  exploited  that  yields  an  oil  exception- 
ally high  in  paraffin,  so  that  it  is  expected  that 
this  may  be  one  of  the  main  products  manufac- 
tured. 

Alcohol  as  Motor  Fuel. 

Among  substitutions  for  gasoline  as  motor  fuel, 
ethyl  alcohol  will  undoubtmlly  play  an  import- 
ant role  in  the  future.  Ethyl  alcohol  can  be  de- 
rived from  many  different  soiirms.  among  which 
perhaps  various  types  of  vegetation  are  most  im- 
portant. It.  therefore,  has  an  advantage  over 
the  various  other  snbstitut(‘s  already  considered 
in  that  it  can  be  derivcsl  frotn  substa.nces  that 
will  replenish  themselves  from  year  to  year. 

Alcohol  blended  with  certain  other  substances, 
such  as  ether,  benzene,  and  gasoline,  has  already 
been  employed  as  a motor  fuel  to  a certain  extent 
pai'ticularly  in  localities  whei-e  gasoline  supplies 
are  hard  to  obtain  and  their  cost  is  excessive  and 
the  raw  materials  fi’om  rvhich  aUohol  can  be  made 
are  atmndant  and  cheaiu 

BovxU  has  enumerated  some  of  the  advantages 
ami  disadvantages  attending  t!u“  use  of  alcohol 
as  a motor  fuel  as  follows: — 

Its  combustion  is  mai-ked  by  clean  liiu's  and 
freedom  from  any  deposition  of  carbon  in  the  com- 
bustion chamluu-.  Because  it  boils  at  a definite 
and  com])aratively  low  tenpierature.  it  can  be  well 
distributed  in  multi-cylinder  motors.  On  account 
of  its  low  boiling  point  it  should  give  no  trouble 
from  dilution  of  crank  case  oil.  Alcohol  will 
stand  very  high  initial  '’ojupression  without 
knocking  and  at  high  com])ression  its  combustion 
is  smooth  and  highly  satisfactory.  Tn  order,  how- 
ever. to  make  use  of  this  property  a specially  de- 
signed motor  is  necessary.  Because  of  the  high 


1.  Ut'oves.  .Tnhn  T!..  Data  on  tlio  Xew  Albany  oil  shale:  Tmliana  <leol.  Siirciv.  1020.  Oil  shales  of  Indiana;  Ensr. 
and  ^[in.  .Tom-..  Vol.  110  pp.  954-95.5,  1920. 

2.  .Tillson.  AVillard  Eousp.  A pvelimlnarv  report  on  the  shales  of  Kentin-kx' : Kentucky  Oeol.  ,S\u'\  ey.  Series  0. 
Yol.  2.  p.  7.  1921. 
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coanpirssion  at  which  alcohol  may  he  used,  the 
availahle  horsepower  of  a detiuite  size  of  motor 
is  much  greater  witli  alcohol  than  with  motor 
gasoline,  if  each  lie  run  at  its  most  economical 
compression. 

Alcohol  posscisses  certain  disadvantages  as  a 
motor  fuel.  It  has  a low  lieating  value,  around 

80. 000  E.  t.  u.  per  gallon  as  conipai*ed  to  about 

120.000  per  gallon  of  gasoline.  Because  of  the 
freedom  of  alcohol  from  the  tendency  to  knock, 
this  difficulty  may  he  overcome  by  initial  com- 
pressions wlipch  are  sufficiently  liigh  to  increase 
the  thermal  efficiency  so  that  the  output  per  gal- 
loiu  of  alcohol  is  ecpial  to  that  of  a gallou  of  gaso- 
line. Such  a motor,  however,  w'ould  be  a special 
device  which  could  not  run  on  gasoline,  and 
which,  therefore,  would  not  be  feasible  under  pre- 
sent conditions. 

The  higii  lati  lit  lieat  a, ml  low  vapor  pressure 
nf  alcoliol  make  it  hard  to  start  the  motor.  This 
difliculty  has  been  overcome  by  blending  with 
light  petrideum  oils,  for  Avhich  purpose  casing- 
head gasoline  is  very  suitable.  Ether  has  also 
been  employed  for  the  same  purpose. 

Alcohol  is  absorbed  by  cork  carlmretor  (loats, 
thus  I'eiidering  them  useless.  It  loosens  gummy 
nr  other  materials  deposited  in  the  fuel  system 
and  thereby  clogs  screens  in  the  fuel  lines.  If 
alcohol  alone,  or  lihmded,  is  used  as  a fuel  it 
necessitates  metal  carburetor  boats  and  clean  fuel 
lilies. 

Alcohol  will  not  lileiid  with  ordinary  petroleum 
oils  except  the  very  lightest  gasoline  fractions 
unless  it  is  either  practically  free  from  water  or 
unless  a binder  or  mutual  solvent  is  used.  A 
number  of  materials  have  been  used  to  blend  95 
per  cent  alcohol  wilh  petroleum  oils,  of  which 
Iteiizene  is  probaldy  the  best.  The  unsaturated 
materials  in  cracked  ])etroleiim  oils  are  effective 
and  cheap.  Imt  the  liiial  percentage  of  uiisatura- 
tion  must  be  kept  so  low  as  not  to  cause  motor 
trouble  resulting  from  Hie  polymerization  of  such 
materials  to  gums  or  tars.  Shale  oil  gasoline,  on 


account  of  its  high  degree  of  unsaturation,  would 
probably  also  answer  for  this  purpose. 

Care  must  be  taken  to  keep  the  alcohol  fuel 
free  from  acetic  acid  or  there  will  be  corrosion 
of  the  storage  tanks,  tank  cars,  and  tlie  container 
tanks  in  the  automobile.  Acetig  acid  is  also  apt 
to  form,  particulai'ly  if  any  methyl  alcohol  is 
present,  through  incomplete  combustion  of  alco- 
hol fuels  in  the  engine.  Pyridine  has  been  added 
to  such  fuels  to  overcome  this  difficulty.  Aniline 
ca/n  also  be  used.  Unfortunately,  liotli  these  com- 
pounds are  rather  expensive  wdien  compared  with 
ap'ohol  in  price. 

Thus  far  the  total  production  of  denatured  al- 
cohol in  the  United  States  has  never  exceeded 
100,000,000  galloius  per  year,  which  is  not  much 
more  than  2 jier  cent  of  the  total  gasoline  con- 
sumed. The  chief  source  has  lieen  the  bla,:-k  strap 
molasses  obtained  from  refining  sugar  cane.  It 
is  not  likely,  nor  is  it  desirable,  that  the  starch 
of  foodstuffs,  at  present  grown  in  the  United 
States,  be  extensively  draAvn  upon  to  supply  al- 
cohol for  motor  fuel. 

Sulphite  liquor,  obtained  from  paper  mills,  as 
well  as  the  wmste  wmod,  such  as  sawdust  from 
the  lumber  industry,  can  be  made  to  yield  alcohol. 
Two  ]ilants  manufacturing  ethyl  alcohol  from 
waste  evood  have  been  in  successful  operation  in 
this  country  for  the  last  few  years. ^ These  plants 
obtain  a yield  of  15  to  25  gallons  of  95  per  cent 
alcohol  per  ton  of  dry  wood  at  a cost  of  about 
25  cents  per  gallon.  Hawley-  has  estimated  that 
the  forests  of  the  United  States  could  under  pro- 
per management  be  made  to  yield  sufficient  wood 
for  liquid  fuel,  without  encroachment  upon  the 
supply  of  other  forest  products,  to  furnish  an 
annual  output  of  2,475,()00.000  gallons  of  alcohol 
or  about  33  per  cent  of  the  total  amount  of  al- 
cohol needed  to  reidace  the  pre.sent  output  of 
gasoline. 

The  process  in  use  at  the  present  time  of  mak- 
ing ethyl  alcohol  from  waste  -wood  consists  in 
subjecting  the  cellulose  of  the  wood  to  the  ac- 
tion of  very  dilute  acid  at  elevated  temperatures 


1.  .ShPiTnrd.  K.  1-1  Miinnfactui-o  of  otliyl  ,'ilcnhol  from  waste  wood.  Chcmieal  Age.  New  York.  ^'ol.  29,  ii.  5-3.  ]921. 
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uml  iMidei'  pressiiiH'  in  order  to  convert  it  into 
fern!('nl;dd(‘  isiij^ar  from  which  alcohol  can  lie  ol)- 
tained.  Oid.v  a portion  of  the  cellulose  is  thus 
conv(‘vted.  snthcient  to  yield  from  lo  to  Lho  gal- 
lons of  alcolnd  per  ton  of  dry  wootl.  d'here  is 
a ])ossihi!itv  id'  incriasing  considei'aldy  th.is  yield 
in  the  fnt  ni“e  throngh  further  chemical  la'sear 'h, 

Th("  niioist  tropical  regions  of  the  worhl  offer 
the  greatest  possibilities  of  plant  growth  to  fur- 
nish materials  for  liipiid  fuel.  Whitford^  esti- 
mates that  from  forests  of  small  sicced  hamhoo 
in  the  Philippines,  280  gallons  of  alcohol  ]h-]'  acre 
can  1k‘  obtained.  At  that  rate  an  area  of  27.000.- 
000  acres,  or  42,200  square  miles,  would  be  requir- 
ed to  produce  7. 500. 000.000  galloais  of  alcohol, 
which  is  the  heat  ecpiivalent  of  the  gasoline  pro- 
duced in  the  United  t^tates  in  1020.  In  order  to 
keep  up  this  production  imletinitely.  an  area  three 
times  as  large,  or  Si.Ot'O.OOO  acres,  would  he  re- 
quired, allowing  for  three-year  rotation.  It  lias 
been  estimated  that  in  the  Philippines  alone  tln>re 
are  08,000  square  miles  of  rut  over  waste  lands 
in  gra.ss  and  S(‘Cond  growth  foi'csts  ihat  might  be 
made  availalde  for  such  crops. 

The  production  of  alcohol  from  the  ethylene 
present  in  by-]>roduct  coke*  ovmi  and  ordinary  coal 
gas  has  already  lieen  mentioned  in  a previous 
])ara  graph. 

1’he  synthetic  p.rodnction  of  alcohol  from  coal, 
limestone,  water  vapor,  and  snlphuric  acid,  as  de- 
velopi'd  in  Switzerland,  also  offers  possibilities 
where  electric  power  is  sufficiently  cheai».®  Cal- 
cium carbide  is  produced  tirst.  Acetylene  is  ob- 
tained from  it  by  the  action  of  watiu-,  which  may 
be  converted  into  acidaldehyde  and  tlnally  by  re- 
duction into  (dhyl  alcohol. 

CTTAPTER  111. 

■ BY-PRODUCTS  FROM  COAL  AND  SHALE  CAR- 
BONIZATION. 

in  the  devidooment  of  a carbonization  industry 
for  till'  ))i-oduciion  of  oils  from  coal  and  sltaffi. 


i tiiiM'  ]irodnc1s  licsidcs  ciaidc  oil  will  Ik*  olilaiiicd 
that  nia\'  ]»oss<*ss  consid(*i  able  ccononiic  \':i!uc', 
among  the  most  imjioi-tant  ot  whidi  will  pi'oh- 
ably  be  ammonia  for  fertilizer  and  for  retrig 
eraling  jairposes.  gas  loi  le'itiiig  and  illuminat- 
ing, and  spent  material  i-emaining  in  tin*  i-(*i(,rt 
aft(  ]•  the  carbonization  has  h(*en  -oimpleted.  I'lie 
\alne  of  the  latter  will  de]K*nd  u])on  the  character 
of  the  material  treated.  If  this  is  hitnminons 
coal,  lignite,  or  peat  it  may  be  the  main  pi-oduct 
and  the  oil  simply  a by-product  ; wh.ih*  in  tin*  case 
of  shales,  the  spent  matc*]-ial  will  ’prob.-ibly  have 
little  or  no  value. 

Ammonia. 

Coals  and  cai'bonaceons  slmle  invai-iably  con- 
tain small  perce,ntages  of  nitrogoi.  in  the  form  of 
conq)lex  organii-  compounds,  ^^'hen  the  coals  and 
carbonaceous  shales  are  carbonized,  a ])ortion  of 
this  nitrogen  is  comorted  into  amnnniia.  ]»art  of 
which  goes  into  solution  in  the  wa1(*r  tliat  con- 
denses with  the  tar  and  oil.  and  ytart  of  which 
passes  on  with  the  gas  a, ml  c.an  b(*  recci'/ercd  liy 
scrubbing  the  latter  with  wat(*r  or  a dilute  solu- 
tion of  snlpliuric  a -id. 

The  per  cent  of  the  totad  uitrogon  present  in 
tlu*  coal  or  shah*  tha.t  can  b(*  recovei-ed  as  ■am- 
monia in  this  way  depends  iqmn  a consideralde 
number  of  factors.  The  yield  of  course  is  deter- 
mined in  part  by  the  tfital  nitrogen  content  of 
the  substance  treated,  also  undoubtedly  by  the 
character  of  the  combinations  in  whi  Ii  it  exists 
in  the  coal  or  shale.  Of  still  great ;*r  importance, 
however,  is  the  method  of  carbonization  employed. 
Tin*  quantity  of  aurmioni-i  obtained  by  low-lem- 
p(*rature  carbonization  is  considei-ably  less  than 
that  obtained  from  th.e  same  mateiial  by  using 
high  temperatures.  Tlie  introduction  of  st(*am 
into  the  retort  during  carbonization,  as  is  done 
in  the  case  of  tin*  Scotch  method,  also  gre.atly 
increas(*s  the  yield  of  ammonia. 


1.  tVliitford  Tt.  X.  Possibilities  of  the  ulaiit  g:ro'wth 
.Tom-.  Imt.  and  Eiijr.  rhem..  Vol.  14.  pir  151-1.52.  1022. 

2.  Norman,  C.  A.  -iTiternal  oombustion  engine  fuels. 
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Ammouia  ]ia«  a considerable  imniber  of  uses, 
among  which  by  far  the  most  important  is  its 
ai)])Hcation  to  tlie  soil  as  a fertilizer.  For  this 
purpose  it  is  converted  into  the  sulphate.  Plants 
require  nitrogen  in  the  form  of  some  soluble  com- 
l)ound.  At  present  ammonium  sulphate  obtained 
fi-oni  by-product  coke  and  coal  gas  plants  and 
sodium  nitrate  imported  from  Chile,  are  the  chief 
sources  of  such  nitrogen  for  commercial  fertilizers 
in  the  United  States.  Another  important  applica- 
tion of  ammonia  is  in  the  modern  practice  of 
refrigeratioin,  for  which  large  amounts  of  anhy- 
drous ammona  gas  are  required.  Ammonia  in 
solution  is  employed  for  cleaning  purposes.  Pro- 
cesses have  been  evolved  by  which  ammonia  can 
be  oxidized  into  luitric  acid  which  finds  extensive 
use  in  the  manufacture  of  explosives.  Ammonia 
is  also  used  in  the  maiiufa'idure  of  baking  soda, 
and  considerable  quanities  are  consumed  by  the 
dy(*  industry. 

The  chi(‘f  sources  of  ammonia  at  present  utiliz- 
ed in  ibis  counti'v  and  abroad  are  by-product 
ammonia,  obtained  by  the  destructive  distillation 
of  coal.  peat,  and  oil-.shale.  either  without  the  ad- 
mission of  air  as  in  by-i>roduct  coke  ovens  and 
coal  gas  retorts,  or  with  liiiiited  amounts  of  air 
aiud  steam  oi-  st(’am  alone  as  in  gas  producers 
or  in  Th(‘  ftmteh  shale  retorts:  cyanamide  am- 
monia, obtained  by  the  action  of  steam  or  super- 
heated water  on  calcium  cyanamide,  which  is 
formed  rvhen  nitrogen  is  ]>assed  over  heated  cal- 
cium carbide;  .ammoiiiia  from  nitrides,  such  as 
almninum  nitride,  which  is  treated  rvith  steam  to 
produce  ammonia  in  the  8ei])ek  process;  and  syn- 
thetic ammouia.  obtained  by  the  direc-t  combina- 
timi  of  niti'ogr'ii  and  hydrogen  in  the  PTaber  pro- 
cess. 


In  the  United  iStates,  almost  the  entire  pro- 
duction comes  f]-om  the  first  source,  being  furnish- 
ed by  the  by-product  coke  and  coal  gas  plants. 
In  11) IS,  the  by-product  coke  plants  of  the  United 
States  ii.avketed  (i9T,:>0S,TT0  pounds  of  ammonium 
sulphate  or  its  equi\alent.  valued  at  |2G, 4-12,951.^ 
The  average  price  received  per  ])ound,  therefore, 
was  3.8  cents.  This  amount  of  ammonium  sul- 
phate was  obtained  from  36,867,721  tons  of  coal, 
making  tlie  average  yield  per  ton  18.9  pounds. 
Ammonia  was  the  most  important  by-product  in 
point  of  value  produced  in  1918,  the  receipts  from 
its  sale  being  $1.02  per  ton  of  coke  produced, 
while  the  total  for  all  by-prodiicts  sold  was  |2.87. 
The  coal-gas  plants  of  the  United  States  sold 
56,000,-164  pounds  of  ammonium  sulphate  or  its 
equivalent  in  1918,  valued  at  f 1,453, 070,  the  aver- 
age price  per  pound  being  2.6  cents. ^ A total  of 
59,348,144  pounds  was  produced  during  that  year 
from  4,966,672  tons  of  bituminoTis  coal,  the  aver- 
age yield  per  ton,  therefore,  being  11.9  pounds. 
Before  the  World  Umr  the  price  of  ammonium 
sulphate  varied  in  general,  between  2^  and 
3 cents  per  pound. 

In  the  Ignited  St.ites,  the  chief  competitor  of 
ammonium  sulphate  for  fertilizer  purposes  is  sod- 
ium nitrate.  In  1918,  2,069,379  short  tons,  valu- 
ed at  890,216,935,  were  imported  from  Chile. ^ 
This  amount  contains  the  same  quantity  of  fixed 
nilrogmi  ;as  1,600,138  te,ns  or  3,218,276,000  pounds 
of  ammonium  sul])hate,  assuming  that  the  mater- 
ial is  nearly  pure.  Its  value  therefore,  is  equiva- 
lent to  a price  of  2.8  ceiits  per  pound  for  ammo- 
ium  sulphaie. 

White, ^ after  a laitlier  careful  and  thorough  in- 
vestigation of  the  demand  and  supply  of  fixed 


1.  TJ.  8.  Geol.  Survey,  Mineral  Resources,  1918.  Part  IT.  pp.  1501,  1521,  and  152.3,  1921. 

2.  .Vrtificial  aas  and  h.v-produets  in  1917-18.  U.  S.  Geol.  Survey,  Mineral  Resources,  1919.  Part  II.  pp.  484 
and  505,  1921. 
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4.  AVliitc.  .Vlfred  II.  The  demand  and  supply  of  fixed  inorannic  nitrosen  in  the  I'nited  States:  Them,  and  Met. 
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iuorgauic  iiiti-ugfii  iu  the  Uiiiled  Slates  lias  ai.ide 
the  following  I'ureeast  fer  19<!d. 

Demand  lor  1!)3U  based 
uii  normalized  lUh) 
hg'iires  with  increase 
of  7 yer  rent  com- 
pounded aiiiiualiy  . . . 

Sources  of  supply, 

Domestic  coke-ovens,  gas 
retorts,  and  pri^■ate 
cyanamide  plants  witli 
assumed  increase  of  fb 
per  cent  over  i !)20  . . 

Daiance  to  be  made  up 
Equivalent  in  ammoni- 
um sulphate  

Tlie  above  figures  would  indicate  that  there 
will  be  abundant  demand  for  all  ammonium  sul- 
phate that  may  be  i>roduced  by  the  low-temper- 
ature carbonization  of  coal,  or  through  the  devel- 
opment of  an  oil  shale  industry  for  a considerable 
time.  It  I'-emains  to  be  seen,  however,  whether 
economical  nudhods  of  I'eiorting  can  lie  devised 
which  will  yield  amounts  sufficiently  large  to 
pay  to  recover  the  ammonium  sul}(hate  at  pre- 
vailing; jirices.  It  is  not  likely,  at  least  for  many 
years  to  come,  that  tin*  ]U'oduction  of  syntiielic 
ammonia  from  nitrogen  of  the  atmospliere  will 
be  a factor  iu  still  further  depressing  the  price 
With  low  tenqterature  carbonization  carried  to 
a temperature  not  exceeding  -182°  0.  (000°  F.) 
the  yield  of  ammonium  sulphate  will  prol»ably  be 
less  tliaii  one-half  that  obtained  wlien  the  same 
coal  is  carbonized  in  the  by-product  coke  oven 
at  high  tem]ieratures.  Under  tlie  former  con- 
ditions. the  writer  obtained  yields  ranging  from 
4 to  Id  per  cent  of  the  total  nitrogen  content  of 
the  coal,  vhile  when  the  temperature  was  run  up 
to  TOO-  ('’.  (1400°  F.l,  the  yield  was  increased 
to  from  1 1 to  2d  per  ceui  of  the  total  nitrogen 


present  in  the  coal,  lione^  stal('s  that  the  yield 
of  ammonium  sulphate  per  long  ton  (2. 241' 
pouudsi  to  be  expected  from  low-temperauiic 
distillation  (.450  lo  ooO  C.)  ranges  from  7,  to  7 
pounds,  while  with  high  temperature  distillation 
(000  to  1100°  CM,  it  varies  from  20  to  30  pounds. 

Tlie  Scotch,  ill  the  development  of  their  oil 
shale  industry,  have  made  a special  effort  to  oli- 
tain  a maximum  yiebl  of  ammonium  sulphate  and 
it  is  claiiiKHl  that  it  was  only  by  doing  so  that 
(he  oil  shale  industry  was  able  to  survive  during 
the  i»eriod  iirior  to  1013.  In  order  to  accomplish 
this,  the  temperature  in  tlie  lower  iiart  of  the  re- 
tort is  raised  to  817°  C.  (1.500°  F.)  and  about 
105  gallons  of  water,  as  evhnust  steam,  are  ad- 
mitt(‘d  for  each  2-5  gallons  of  oil  ]iroiluced.  In 
this  wav  the  yiebl  of  ammonia  is  increased  about 
two  and  oiie-half  times  as  com]iared  with  dry 
distillation.-  Shah'  now  being  minded  and  retorted 
iu  Scotland  by  this  method  yields  about  30 
T oumls  of  ammonium  suljihate  pier  ton  of  2,0O(i 
pounds. 

Gas. 

In  the  low-temperature  carlionization  of  coal 
it  is  not  likely  that  any  very  large  excesj  of  gas 
over  that  required  to  heat  tlie  retorts  will  be  ob- 
tained and  in  the  installation  of  such  jdauts  it 
is  jirobably  best  not  to  ligure  on  any  surpilus. 
Davis'^  believ(*s  that  it  is  parobably  safe  to  assume 
the  yield  for  fair  gas  coals  at  between  5.000 
and  0.000  cubic  feet  per  ton  of  050  to  750  T‘>.  t.  u. 
gas.  Idle  writei'  obtained  yields  at  the  rate  of 
3.201)  to  5,500  cubic  feet  per  ton  from  a number 
(if  different  bituminous  coals  carbonized  on  a 
laboratory  scale  at  temperatures  not  exceeding 
-182°  C.  (000°  F.C 

ttdih  tin'  by-product  coke  oven  tlu'  yield  of  gas 
is  gri'atlv  increased  at  tlu'  ('X)iense  of  oil  and  tar 
]»roduction  so  that  an  oven  of  the  Ko])]iers  type, 
using  imrt  of  its  gas  production  for  its  own  heat- 


— 458,200  tt'us  of 

lixed 
nitrogen 


= 130,000  tons 

— ; 328.200  tons 

= 1.549,104  tons 
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iiig  requireiucuts,  still  deli^  ers  a SLir[)ius,  aniouiit- 
iiJg  to  GO  per  cent  or  even  more  ol  the  total  gas. 
This  surplus  is  about  G,Gt)U  cubic  feet  per  net 
ton  of  coal  charged  and,  after  the  recovery  of 
benzenes,  the  gas  has  a heating  value  of  .'/GO 
r>.  t.  u.  ]ier  cubic  foot.^ 

In  the  carbonization  of  shales,  there  is  even 
less  likelihood  of  oJttaining  any  surplus  of  gas 
Than  in  tlie  low-temperature  distillation  of  coal. 
In  many  instanc{‘s,  particidarly  witli  low  grade 
sliales,  it  will  probably  be  found  necessary  to 
use  some  auxiliary  fuel  to  heat  tlie  retorts. 

In  Scotland,  by  increasing  the  temperature  of 
the  lower  retort  and  admitting  steam,  the  volume 
of  gas  is  increased,  l)ut  its  heating  value  is  not 
anywhere  near  that  of  coal  gas.  Tlie  average 
yield  from  the  shales  at  ]iresent  run  to  the  re- 
Torts  is  aiqiroximately  10,000  cubic  feet  l>fu  ton, 
Iiaving  a heating  value  of  about  240  1*.  t.  u.  p('r 
cubic  foot.-  This  gas  is  om])loyed  in  heating  the 
retorts.  Tn  the  case  of  some  shales  retorted,  it 
is  not  suflicient  to  supply  all  the  heat  required 
and  has  to  he  su])plemented  by  producer  gas. 

The  gases  evolved  during  the  oil  formation 
stage  of  carbonization  contain  considerable  per- 
centages of  unsaturated  hydrocarbons  from  which 
valualde  chemical  products  may  be  derived.  Th(> 
possibility  of  producing  ethyl  alcohol  from  ethy- 
lene, an  unsaturated  hydrocarbon  present  in  shale 
as  well  as  coal  gas,  has  already  been  nnmtioned. 

Spent  Mateiial. 

4'he  spent  mat<*rial  obfained  from  the  carlioni- 
zation  of  cmil  makes  a valuable  fuel.  In  ih(/  case 
of  the  major  pm-tion  of  tlie  coal  trc'ated  in  by- 
product ovens,  the  primary  obj(>ct  is  to  obtain  a 
metallurgical  C(  ke.  In  the  cas'c  of  tin'  coal  gas 
industry,  the  cokc'  obtained  is  in  part  sold  as 
fuel  for  domestic  and  otlnu'  ])urposes.  while  in 
paid  it  is  used  in  the  manufacture  of  carbureted 
water  gas. 


The  successful  estaulishment  of  a iow-teni}»era- 
ture  coal  carbonization  industry  will  depend  in 
large  part  upon  the  development  of  a demand  for 
a smokeless  fuel  suitable  for  domestic  and  other 
uses.  The  gradual  exhaustion  of  the  anthracite 
deimsits  of  Pennsylvania  and  the  consequent 
increase  in  cost  of  this  valuable  fuel  to  the  con- 
sumer and  also  the  dejiletion  of  the  natural  gas 
resources  of  the  Appalachian  region,  ought  to  be 
inpt'ortaut  factors  in  bringing  about  the  estab- 
lishment of  such  an  industry  in  the  Eastern 
United  States  in  the  near  future. 

Many  tyjtes  of  bituminous  coals,  including  some 
that  do  not  produce  a satisfactory  metallurgical 
coke,  yield  a low-temperature  coke  when  carbon- 
ize<l  under  slight  compression.  This  happens 
when  the  coal  is  carbonized  in  a limited  space  so 
(hat  it  cannot  expiand  too  freely.  The  coke  con- 
tains from  .5  to  15  per  cent  of  volatile  matter,  is 
easy  to  burn  without  smoke,  ignites  readily,  and 
makes  an  ideal  domestic  fuel.  The  residues  ob- 
tained from  other  coals,  including  those  of  sub- 
bituminous  and  lignitic  rank,  will  probably  have 
to  be  bri(pietted  before  they  can  be  used  for  fuel. 
For  this  ])urpose,  the  pitch  obtained  from  the 
fractional  distillation  of  low-temperature  tars  can 
be  used.  With  high  volatile  coals  a sufficient 
qmnitity  of  binder  will  probably  be  formed  to 
briquet  the  entire  residue.  This  is  the  ]»rocedure 
em]doyed  af  the  200-ton  per  day  “Carbocoal” 
process  ])lant  at  Ulinchfield,  Virginia.^  Th.e  prim- 
ary retorts  used  in  this  ]>rooess  yield  a light  fria- 
ble coke  which  is  sitbject  to  spontaneous  combus- 
tion. This  coke  is  briquetted,  using  the  pitch 
obtained  from  tlie  low-temperature  tar  as  a bind- 
ei‘.  and  then  further  carbonized  in  another  type 
of  retort  to  1800°  F.  The  resulting  fuel  is  in 
every  respect  equal,  if  not  superior,  to  antharcite 
for  domestic  purposes.  The  problem  is  to  still 
further  reduce  the  cost  of  manufacture  so  that 
the  coke  briquets  can  compete  successfully  with 
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other  types  of  fuel.  Another  outlet  for  at  least 
a portion  of  the  residues  may  he  found  in  the 
manufaeture  of  producer  gas  for  use  about  the 
plant  or  for  conversion  into  electric  power. 

The  disposal  of  the  spent  shale,  resulting  from 
the  carbonizatit>n  of  oil  shah's,  is  a more  serious 
problem.  In  most  instances,  jirobably  no  com- 
mercial uses  for  it  will  be  available  and  dumping 
sites  for  its  disjiosal  Mill  have  to  be  provided  in 
laying  out  plants.  In  dcmseiy  iio]mlated  Sfudions 
and  places  M’here  ground  is  valiialde  for  agricul- 
tural and  other  purposes,  this  may  ]irove  to  be  a 
difficult  problem  to,  solve  in  locating  such  ]dants. 

Among  many  possible  uses  for  such  material 
that  have  been  suggested,  the  manufacture  of 
brick  and  Portland  cement  probably  offer  the 
greatest  possibilities.  The  number  of  plants, 
however,  that  can  hope  to  utilize  their  spent 
material  in  this  manner  will  be  very  limited. 
There  will  have  to  be  a good  market  for  these  pro- 
ducts in  the  immediate  vicinity,  and  the  other 
rav'  materials  entering  into  their  mannfacture 
will  have  to  be  near  at  hand. 

Some  shales  and  particularly  materials  like 
cannel  coal  may  yield  a residue  which,  although 
not  suitable  for  ordinary  fuel  on  account  of  its 
high  ash  content,  may  yet  contain  sufficient  fixed 
carbon  to  enable  it  to  be  used  in  gas  producers 
for  the  manufacture  of  gaseous  fuel.  The  degree 
of  refractoriness  of  the  resulting  ash  will  be  an 
im])ortant  factor  in  this  case.  In  the  Scotch  pro- 
cess, the  steam  introduced  into  the  lower  hot 
part  of  the  retort  consumes  the  major  portion  of 
the  fixed  cari)on  wifh  the  formation  of  gaseous 
fuel.  The  spent  material  discharged  from  the  re- 
tort, contains  only  from  IT  to  2 per  cent  of 
fixed  carbon. 

Practically  all  oil  shales  contain  small  amounts 
of  potash  in  the  form  of  insoluble  compounds. 
.\t  the  temperature  to  wdiich  the  shale  is  subject- 
ed in  the  retorting  process,  a portion  of  this  pot- 
ash may  be  rendered  water  soluble  and.  there- 


foi-e.  snilalde  for  exlracl imi  l>y  Icadiin;^  \\ilh 
watc'i'.  <ieoi'ge'  states  tliat  analyses  of  the  jant 
sliale  from  Pai-achnte  and  (fonn  < h-cek  \alleys  of 
western  (folurado  showed  an  average  water  solu- 
ble jiotash  I l\d ) I content  of  about  o.O  pm-  rein  ' i- 
aboni  !'<  ])onnds  per  ton  of  spent  shahe  The 
range  of  water  soluble  pidash,  shown  by  the 
analyses,  was  from  0.2.o  to  2.02  per  cent.  There 
is  a commercial  possibility,  therefore,  in  the  case 
of  some  shales  of  recovering  potash  from  the 
spent  material.  The  x't'oblem  of  disposing  of  the 
refuse,  however,  would  still  remain  the  same. 

In  tlie  I’hosxthoria  formation  of  the  Permian 
in  the  virinity  of  Dillon  and  Dell  in  sonthwestern 
Montana,  oil  shales  occur  whicli.  alllioneli  not 
Xthenomenally  rich  in  oil,  are  x^'hosphatic  in  char- 
acter so  that  there  is  a xtossibility  that  the  residue 
may  liave  smm*  value  as  a sonr'-e  of  pliosphate 
for  fertilizm-  ]mrposes.- 

By-products  from  Coal  and  Shale  Oils  and 
Tars. 

Attenticai  lias  already  been  called  ti.)  the  gnait 
number  of  very  valuable  organic  chemicals  that 
are  mannfactnred  at  tlie  ptesent  time  from  the 
coal  tars  xirodned  by  the  by-xu-odnet  coke  and  coal 
gas  industries.  Xo  donlit  a.  great  many  organic 
conixmnnds  ;-an  likewise  lie  derived  from  the  low- 
ten;x>eratni-e  coal  tars  and  shale  oils,  some  of 
which  already  have  eomnieicial  ax>xdical ions  or 
for  which  uses  will  be  found  in  1he  future. 

Low-temperature  coal  tars  contain  large  por- 
centages  of  phenolic  compounds  for  whicTi  nnmer- 
oiis  uses  already  exist.  The  oils  obtained  from 
the  low-temxteratnre  tars  xtroduced  by  the  "Cai-bo- 
coal”  x^tocess  at  Clinchlield.  Virginia,  have  thus 
far  been  used  largely  by  manufacturers  of  disin- 
fectants on  account  of  their  higli  content  of  tlu'se 
constituents. TIany  shale  oils  contain  high  x''Oi‘- 
centi'.ges  of  xmraffin  wax. 

In  the  establishment  of  a loAv-temxieralnre  car- 
bonization industry  on  a.n  extensive  scale,  how- 
ever. ton  mu  Ti  reliance  should  not  be  |daced  at 
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least  ill  tin*  inniieiliate  future,  upon  profits  to  fit' 
derived  from  the  production  of  minor  by-products. 
AA’liile  a great  number  of  useful  organic  com- 
pounds can  undoubtedly  be  made  the  total  an- 
nual consumption  of  many  of  these  is  relatively 
small,  so  tliat  an  over  production  can  readily  be 
brought  about  with  a resulting  drop  in  prices. 
Also,  man}^  of  these  compounds  require  so  much 
technical  skill  in  their  manufacture  that,  while 
they  command  :i  relatively  high  price,  their  cost 
of  production  is  also  high.  The  greatest  demand 
is  for  such  ])roducts  as  motor  fuel,  kerosene,  lubri- 
cants. and  fuel  oils.  It  is  in  these  fields  that  an 
outlet  for  tin*  ma.ior  iiortion  of  the  oils  and  tars 
of  the  'arbonization  industry  will  have  to  be 
sought  if  it  is  to  b<*  developed  on  a large  scale. 

THAI 'TER  IV. 

THE  OCCURRENCE,  COMPOSITION,  AND 
ORIGIN  OF  COAL  AND  CARBONACEOUS 
OR  OIL  SHALE  DEPOSITS. 

Coals  and  cai-bonaceous  or  oil  shales  contain 
organic  mat(*rials  derived  largely  from  plant  re- 
mains which  have  iimh'rgone  partial  decomposi- 
tion and  wliich  are  more  or  less  intimately  mixed 
with  varying  amounts  of  mineral  matter.  The 
organ!  • substances  consist  of  highly  complex  com- 
pounds containing  carbon,  hydrogen,  oxygen,  nit- 
rog(*n  and.  in  sonu*  cases,  sulphur.  Upon  the  ap- 
plication of  heat  without  acce.ss  to  air.  these  sub- 
stances undergo  ])artial  decomposition  with  the 
formation  at  first,  at  h*ast  in  the  case  of  many  oil 
shales,  of  a heavy  solid  or  semi-solid  bitumen,’ 
but  finally  break  up  into  simpler  forms  which 
pass  off  as  vapors.  T’^pon  cooling,  oils,  tars,  and 
ammonia  cal  liquor  are  condensed  from  these  va- 
pors, while  a certaidi  percentage  remains  as  per- 
manent gas.  not  condensable  at  ordinary  tempera- 
tures.. 

As  a rule  when  an  oT'ganism.  either  plant  or 
aiuimal.  ]ierishes.  it  is  at  once  attacked  by  bac- 
teria and  scavenging  animals  and  the  orgnic  ma- 


terials of  which  it  is  composed  are  consumed  and 
disappear.  If  the  organism  dies  on  the  land 
where  its  remains  are  exposed  to  the  atmosphere, 
the  oxygen  of  the  air  assists  in  this  process;  and 
if  under  water,  oxygen  in  solution  plays  the  same 
role,  but  in  this  case  the  i)rocess  leading  to  com- 
plete destrn:tion  is  much  slower.  The  process  is 
much  more  rapid  in  animal  than  in  plant  remains, 
so  that  organic  materials  of  plant  origin  are  much 
more  apt  to  become  entonibed  in  sediments  than 
are  those  of  animal  origin. 

Under  certain  favorable  condifions,  such  as  in 
shallow,  stagnant  seas,  particularly  enclosed  bod- 
ies such  as  the  Black  Sea;  in  marine  marshes  and 
lagoons ; shallow  fresh  water  and  to  a limited 
extent  saline  lakes  and  swamps ; bogs ; and  wet 
woods  where  only  limited  supplies  of  oxygen  are 
available,  considerable  amounts  of  organic  mater- 
ial, particularly  those  of  plant  origin,  may  ac- 
cumulate, mingled  to  a greater  or  less  extent  with 
finel.v  divided  mineral  matter  brought  in  by 
streams  or  the  winds  and  deposited  along  with  the 
slowly  accumulating  organic  debris.  Grabau’’ 
calls  attention  to  certain  loe.sslike  deposits  in 
southern  Russia,  the  up]ier  part  of  which,  for 
20  feet  or  more,  is  colored  black  by  a thorough 
admixture  of  organic  matter.  This  black  earth 
apimars  to  represent  the  accumulation  of  fine  du.st 
among  actively  growing  herbaceous  vegetation. 
The  organic  matter  foi'iiis  ten  or  more  per  cent 
of  the  black  earth.  The  tundras  of  the  arctic 
region  also  are  tavoralile  areas  for  the  extensive 
accumulation  of  fairly  pure  vegetal  matter.^  The 
short  arctic  summers  are  warm  and  develop  a 
very  vigorous  growth  of  mosses  and  stunted  high- 
er ty]ms  of  vegetation  ovei*  the  treeless  plains, 
while  a foot  or  so  below  the  surface  the  ground 
is  pere])tually  frozen.  Tnuumerable  pools  of 
standing  water  dfd  the  fairly  level  surface  and 
decay  is  very  much  retarded. 


L i;;il]ili  ir.  mill  T.yrlpr.  E.  E..  Tlio  tliermal  deeompnsitinn  of  shales.  I.  ITenl-  effects:  .Tour.  Inch  and  Ena*. 

nil-111.,  Vol.  la.  II.  G2.5.  1921. 

2.  (O', Thau,  .\niadoiis  W.,  .V  textbook  of  scoloe-v.  Piirf  T,  p.  459,  New  York,  1920. 

.2.  Tteinii.  .Tmnes  E..  The  eeonomie  geolo.ey  of  the  non  metallic  minerals.  Priyately  printed,  p.  6. 


ORIGIN  OF  COAL 


If  ail}’  of  the  above  deposits  are  later  buried 
underneath  sediments  such  as  muds  and  sands, 
as  Avould  happen  iii  tin*  case  of  an  area  that  was 
undergoing  gentle  subsidence,  they  give  rise  to 
depo-sits  of  coal  or  carbonaceous  shales,  depend- 
ing upon  the  amount  of  mineral  matter  present 
in  them. 

The  qiiautily  and  cliemical  character  of  the  oils 
and  other  by-products  which  can  be  derived  from 
such  materials  depends  upon  a consideral»le  num- 
ber of  factois.  iiicludiug  the  nature  and  composi- 
tion of  the  original  organic  del)ris,  tlie  amount  of 
mineral  matter  deposite<l  with  it.  the  amount  and 
nature  of  the  decomposition  whicli  it  underwent 
before  burial,  the  changes  tliat  geological  ])rocess- 
es  have  produced  in  it  since  tliat  time,  and  finally 
the  temperature  of  the  destructive  distillation  to 
which  it  is  subjected. 

Among  primary  deposits  of  sedimentary  origin, 
coals  are  perhai>s  the  richest  in  organic  matter. 
They  consist  almost  entirely  of  plant  debris,  ani- 
mal remains  being  piactically  absent.  iVliugled 
with  the  organic  debris  are  small  percentages  of 
iuorga.nic  sediments  which,  together  with  th(‘  ori- 
ginal mineral  iiuiatter  cniitained  in  the  plants  theTu- 
selves,  constitute  the  ash  of  the  coal. 

Careful  studies  of  the  geological  occurrences  of 
coal  de])Osits  and  mio-oscojtic  examinations  of  the 
coals  themselves  have  proven  conclusively  that 
they  have  been  deriv('d  from  deposits  of  peat,  siin 
ilar  to  those  that  are  accumulating  in  fresh  water 
swaimps  at  the  pre.sent  time.  For  the  formation 
of  coal,  however,  it  was  not  only  necessary  that 
rather  extensive  deposits  of  ])cat  accumulated,  but 
also  these  had  to  be  in  positions  where  they  later 
on  became  buried  und(u‘ueath  sediment  which  pia*- 
served  them  from  erosion.  The  most  favorable 
])laces  for  this  to  occur  are  in  l)road  shallotA’  de- 
pressions on  extensive,  nearly  level,  low-lying 
coastal  ])l.ains.  along  the  flood  plains  near  the 
mouths  and  on  the  deltas  of  large  rivers. 

The  first  step  in  Ihe  formation  of  coal  fi'oni  veg- 
etal matter  takes  ])lace  when  the  dead  vegetation, 
through  loss  of  moisture  and  ]vtrtial  decomirosi- 


tion,  is  converted  into  ]u*at  in  the  swamp  it  loses 
a certain  amount  of  its  oxygen,  hydrogen,  and 
carbon  in  tbe  form  of  carbonic  a/^ad  ft'tbi  and 
march  gas  and  also  part  of  its  water  of 

constitution.  Ilacteria  prob.ably  play  a vei-y  im- 
portaiit  role  in  tills  ])i-ocess  ot  disintegration. 
The  process  does  not  always  reach  tin*  same  stage 
of  com])letion  before  the  ]>eat  is  buiaed  by  .sedi- 
ments. Sometimes,  therefore,  the  jteat  from  which 
the  coal  has  been  derived  was  woody  or  filjrous, 
Avhile  in  othei-  cases  it  was  a more  or  less  jelly- 
like.  amor])hous  mass  through  th<“  obliteration  of 
most  of  the  plant  structui-es.  The  lu'xt  stej)  in 
the  formation  of  coal  is  tin*  buiial  of  the  peat 
underneath  a constantly  increasing  load  of  sedi 
ment  washed  o\  er  the  gi-adually  subsiding  swamp 
by  streams.  Fiider  these  conditions,  the  peat  be- 
comes further  comjiacted : moisture  and  gases, 
principally  marsh  gas,  Oll^,  carbon  dioxide.  GO., 
and  carbon  monoxide.  CO.  continue  to  be  expelled 
and  the  ]teat  is  slowly  convert(*d  into  coal.  Later- 
al ]»ressure.  brought  about  by  mountain  making 
movoments  produced  through  the  gradual  shrink- 
age of  the  earth,  may  furl  Inn-  accelerate  tlu'se 
changes.  Tin*  ]»eat  may  jiass  through  various 
stages  from  lignite  through  sub-bituminous,  bitu- 
minous, semi-bituminous,  and  simii-anthraciti*  coal 
until  finally  it  is  converted  into  anthracite-  or 
even  into  graphite  if  the  proct'ss  of  metanior 
phism  goes  on  to  comiihflion.  These  changes  re- 
sult in  the  expulsion  of  a large  part  of  the  moist- 
ure, oxygen,  nitrogen,  and  hydrogen,  together  with 
varying  amounts  of  the  ctirbon  of  the  original 
peat.  Most  of  the  carbon.  how."ver.  remains  be- 
hind. Deposits  rejiresenting  till  sttiges  of  plmit 
carbonization  from  peat  to  graiihite  arc*  known. 
In  Pennsylvania  only  the  later  stages  from  bitu- 
minous to  anthracite  are  re]tresent(*d  in  the  coal 
bearing  formations. 

The  resulting  coal  usually  shows  in  cross-.sec- 
tion  alternate  layers  of  "bright"  tind  "dull"  cotil. 
;*?ometim(.'s  a third  vtiriety.  known  tis  niinertil 
charcoal  or  "mother  of  coal."  is  also  pt*esent.  This 
is  porous  ill  structure  and  shows  tibundant  traces 
of  plant  remains. 
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OIL  RESOURCES  IN  COALS  AND  SHALES 


Tliiess(‘n’s’  detailed  and  coinpieliensive  stud- 
ies of  coals  under  11k*  inicroscope  liave  shown  that 
lli(‘  ••Iirii’liT”  coal  has  been  formed  from  the  large 
limits  and  trunks  of  ti-ees  or  partis  of  them,  which 
w(*re  not  disint(*gra1(*d  in  the  peat  swamps  f)i*ior 
to  their  burial  underneath  a protecting  mantle  of 
sands  and  silts.  This  ‘‘bright”  coal  retains  its  or- 
iginal woody  strnctim*.  allhongh  often  somewhat 
distorted.  The  “dull”  coal  consists  of  iinmei'ons 
small  layers  or  chips  of  “bright”  coal  emlxalded 
in  a dull  matrix,  tin*  attritns.  These  small  chiiis 
are  derived  from  fragnumts  of  larger  woody 
chunks,  small  stems  and  branches,  twigs,  roots, 
etc. 

The  dull  matrix  oi-  attritns,  has  been  dei'iw  d 
from  a variety  of  materials,  including  tin*  ivaxy 
cuticle  covej'ing  of  the  leaves,  an  extrenn*ly  i-esis- 
tant  substanc**;  fiom  .spore  and  ]>oll(*n  (*xines  or 
cas(‘s : from  re.sinons  and  woody  matt(*r  in  dif- 
fei'cnt  stat(*s  of  carbonivmtion  and  fiom  small 
amounts  of  gums,  pectins,  and  corks  or  ]»i(*ces  of 
bark.  Pliotomicrograjihs  (Plate  11  A and  P> ) 
show  tin*  a]>pearanc(*  of  typical  bitnininous  coal 
in  thin  sections  under  the  microscoix*. 

In  the  usual  or  proximate  analysis  of  coal,  the 
'’onstituents  present  are  grouped  under  moistni'e, 
I’olalile  matter,  fixed  cai'bon,  ash  and  snlphu]'. 
rnd(*r  the  term  moisture  is  included  only  tin* 
more  or  less  loosely  held  water  which  is  driven 
olf  iiiien  the  linely  powden  d coal  is  ln*ated  slightly 
above  the  boiling  point  of  water,  .about  l(t.a°  C. 
or  l’L’tl°  F.  The  volatile  matter  rej)ia*sc*nts  that 
]ioi-tion  of  the  coal,  exclusive  of  moisture,  which 
can  be  (lri\aai  off  in  tin*  gaseous  or  wipor  form 
wln*n  the  coal  is  b(*,aled  to  a higli  1<'mp(*T-atnia* 
out  of  contact  with  air.  It  is  tin*  colatih*  matt(*r 
that  furnishes  the  oils,  tars,  gases,  and  a.mmonia. 
as  well  as  ]»art  of  the  M’atcr  of  tin*  ammoniacal 
licpior.  The  ([uantilics  of  tln*se  vai-ions  ]»T*o(lncts 
which  can  lu*  olitaiued  fiami  a ])arlicnhir  coal, 
therefore,  arc*  in  ]»art  a fiiin-tion  of  tli**  ])c*rcent- 
age  of  volatile*  a after  that  ibc*  -oal  contains.  Tin* 
fixed  cairbcn  is  Hn*  r(*sidu(*  lc*ft  ;ift(*r  the  moistma* 
and  ^■olatiI(*  matt(*r  h;i\c*  bc*c*n  c*xpc*llc*d  and  the 


percentage  of  ash  has  been  subtracted.  The  lat- 
ter is  the  mineral  residue  left  after  the  coal  litns 
been  completely  burned. 

The  mineral  residue  of  the  coal  is  in  part  de- 
rived from  the  small  inorganic  content  of  the 
plant  remains  from  whicli  the  coal  has  been  de- 
rived and  in  part  from  sediments  brought  to  the 
swamp  in  suspension  or  solution  by  .streams  or 
blown  over  it  by  winds  and  deposited  with  the 
peat.  The  latter  material  -predominates  in  most 
c-oals. 

The  percentage  of  ash  in  high  grade  coals 
ranges  from  4 to  7:  in  ordinary  coals,  from  7 to 
14;  and  in  inferior  coals,  still  higher.  High  ash 
coals  are  referred  to  as  “bony”  coal  or  simply  as 
“bone”  in  case  the  ash  content  has  become  so  high 
that  they  are  no  longer  of  any  commercial  value 
as  fuel.  Finally,  there  are  cases  in  which  the 
percentage  of  anineral  matter  exceeds  that  of  the 
organic  matter  and  the  deposit  is  a bhmk  carbon- 
aceous shale. 

Ordinary  bituminous  coals,  when  subjected  to 
h)W-temperature  destructive  distillation,  i.  e.,  500 
to  000°  0.,  yield  a enuh*  oil  or  tar  which  has  a 
specilic  gravity  of  approximately  1.0,  the  exact 
\aliu*  usually  being  a litth*  above  rather  than  be- 
low that  lignre.  This  tar  cointains  large  percent- 
ages of  tar  acids  or  phenolic  compounds,  soluble 
in  a 10  per  cent  caustic  soda  solution,  as  com- 
parc'd  Avith  the  oils  or  tars  obtained  from  cannel 
coals  or  ni(»st  oil-shales  under  similar  conditioiiis 
of  carboni/.ation  These  jihenolic  compounds  are 
t>robably  derived  largely  from  the  ‘‘bright”  coai 
which  consists  of  ivoody  or  cellulosic  material. 
The  “dull”  coal  is  apparently  the  chief  source  of 
tin*  ]»ai-afhn,  naphthem*.  oletine,  and  other  hydro- 
carbons pi'esent  in  tin*  ermh*  tai'.  The  bone  and 
carbonaceous  shales  of  the  iypt*  described  above 
yield  similar  oils,  but  in  smaller  quantities. 

Layers  of  boiue  and  carbonaceous  shale  fre- 
(piently  occur  as  ]>artings  in  coal  beds  or  overlie 
them.  Such  lay(*rs  repr(*sent  intervals  when  ex- 
C(*ssive  qnantitit's  of  fim*  silt  and  mud  were 


1.  'rhirssen.  la'inlinrilt.  fompilation  ,nii1  coiniiosition  of  bituminous  ooals : .Tour.  G(*«log-v.  Vol.  XXVTIT,  p.  ‘20a. 
1i»20. 
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PLATE  JI, 


A.  Photomicrograph  of  bituminous  coal,  Pitts- 
burgh bed,  showing  woody  tissue  and  a few  flattened 
spores.  Magnified  200  times.  (Courtesy  R.  Thiessen) 


B.  Photomicrograph  of  bituminous  coal,  Pitts- 
burgh bed,  showing  numerous  flattened  spores  as 
white  lines  and  some  woody  tissue.  Magnified  200 
times.  (Courtesy  R.  Thiessen) 


C.  Photomicrograph  of  cannel  coal,  Upper  Kit- 
tanning horizon.  Paragon  Coal  and  Coke  Company’s 
mine,  Cannelton,  Pa.  A typical  spore  cannel  coal  in 
which  fully  90  per  cent  of  organic  matter  consists  of 
flattened  spore  exines  and  macerated  spore  matter. 
Magnified  200  times.  (Courtesy  R.  Thiessen) 


D.  Photomi  rograph  of  cannel  shale,  Upper  Free- 
Dort  horizon.  Diamond  Coal  and  Coke  Company’s 
Oakmont  No.  1 mine.  Barking  Station,  Pa.  Com- 
posed largely  of  woody  degradation  or  humic  matter 
and  some  spores.  Magnified  200  times.  (Courtesy 
R.  Thiessen) 


A.  Cannel  coal. 
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PLATE  III. 


E.  Bituminous  coal.  (Courtesy  U.  S.  Bureau  of  Mines) 


ORIGIN  AND  CHARACTER  OF  CANNED  COAL 
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washed  ovw  the  slowly  snhsiding  swamp  ar(‘M 
(luriiiig  the  period  of  pent  formation.  Tn  mininy 
the  coal  they  are  left  behind  in  the  gob  or  cIm 
have  to  be  separated  later  on  by  hand  picking 
or  mechanical  means.  At  ])resent  they  have  no 
commercial  vabie. 

Besides  the  ordinary  type  of  coal  derived  from 
the  woody  oi*  peaty  material  accnninlating  in 
peat  marslies.  tliere  is  another  vari('ty,  commonly 
known  as  eannel  coal,  which  has  a tine,  even,  com- 
pact textni'e,  black  color,  dull  luster,  and  con- 
choidal  cross  fracture.  In  mining  it  usually 
breaks  <df  in  rudely  rectangular  blocks  of  varying 
dimensions.  The  contrast  in  appearance  betwcmn 
eannel  and  an  ordinary  bituminous  coal  is  shewn 
in  Plate  III. 

ranntd  coals  have*  a i-elatively  high  percentage 
of  volatile  matter  compaiaal  to  tlieir  tixed  carbon 
content,  liigher.  as  a ruh*.  than  that  of  the  (»rdin- 
ary  coals  (»f  corresponding  rank.  For  that  reason 
when  they  are  sultjected  to  low-temperature  dis- 
tillation the  amount  of  oil  obtained  front:  them  is 
considerably  greater  than  that  obtained  from  or- 
dinaiy  coals.  This  oil  has  a lower  specific  gravity 
than  the  low-temperature  tar  produced  from  the 
latter,  ranging  in  most  cases  from  about  .9  to  .95. 
Its  content  of  phenolic  com  pounds  is  also  consid- 
erably less. 

Microscopic  study  has  shown  that  cajinel  coals 
are  derived  from  waler-hiid  de]»osits  made  uj)  of 
plant  spores,  }»oJlen  grains,  minor  amounts  of  res- 
in particles,  seed  coats,  waxy  bodies,  etc.,  together 
with  the  more  or  less  disintegrated  and  decom- 
posed remains  of  low  order  water  j)lants.  Re- 
mains of  fish  and  other  free-swimming  animals 
have  also  been  found  in  some  eannel  coal  de- 
posits, but  these  ha\(‘  in  no  case  fui-nished  more 
than  a very  insigniticant  ])(u-centage  of  the  total 
organic  debris.  Woody  or  peaty  material,  which 
enters  so  largely  into  the  composition  of  ordinary 
coal,  is  practPally  absent.  In  other  words,  can- 
nel  coals  resemble  rather  closely  in  composition 
the  “dull”  layers  of  ordinary  coal. 


•Ml  canmd  coals  ai'e  not  alike  in  composil  ion 
although  they  resemble  one  a.nolln'r  closcdy  in 
physical  app(*arance.  Some  contain  \ci-y  little 
(dse  than  s]»or(‘  matbu-.  Others  have  \arying 
amontits  of  other  ])Iatit  (h'giadat ion  tnatt(*r  pia^s 
ent  in  additioti  to  tin*  s]>f)re  cases,  vhile  still 
otlnu's  arc  made*  u])  largely  of  wltat  may  ])fo\'c 
to  be  algal  remains.^  Associated  with  tin*  or- 
gatiic  niatci-ial.  just  as  in  tin*  case  of  other  coals 
are  varying  amontits  of  minci’al  tnatt'O-  or  ash. 
Plate  II  C atid  D and  Plate  I\'  A and  B show 
]»hotomicrographs  of  several  types  of  canmd  coal. 

The  essential  dilference  betwen  catinel  and  or- 
dinary -oals  li(w  in  the  nattire  of  the  plant  de- 
bris from  whiidi  the  two  an*  derived.  Front  the 
charactm-  of  the  catinel  coals,  tlndr  mode  of  occur- 
rence, and  th(“  shape  and  ridation  of  their  deposits 
to  ordinary  coals,  it  ajipears  that  niosr  eannel 
coal  deposits  were  laid  down  in  open-water  bas- 
ins or  channels  in  peat  forming  swamps.  8uch 
0])en  bodies  of  watm*  in  a swamp  would  gradually 
beyome  tilled  by  material  of  the  type  that  the 
microscope  has  revealed  to  be  jirestmt  in  eannel 
coal.  tVinds  would  blow  spores,  pollen  grains, 
seeds,  etc.,  into  such  bodies  of  water  from  the 
surrounding  marsh.  Algae  a, ml  other  types  of 
floating  plants  would  thrive  in  them. 

As  a rule,  eannel  coals  have  a higher  a.sh  con- 
tent than  ordinary  coals.  This  is  undoubtedly 
due  to  the  fact  that  fine  silt  finds  its  w.ay  more 
readily  into  bodies  of  open  Avater  than  into  the 
dense  growth  of  Amgetation  of  the  ordinary  peat 
Tuarsh.  In  the  case  of  eannel,  as  in  the  ca.se  of 
ordiTiaiy  coal,  there  are  found  all  gradations 
from  nearly  pure  eannel  coal,  through  eannel 
shale  to  carbonaceous  shale.  Tai  bonaceous  shales 
of  the  canmd  typ(“,  hoAvever,  give  a considerably 
higher  yield  of  oil  than  those  more  closely  t'C 
bated  to  the  ordinary  type  of  coal  Avith  the 
same  percentage  of  organic  matter.  This  is  dm* 
to  the  original  difference  in  composition  of  the 
vegetal  matter  from  Avhich  the  Iavo  are  derived. 

(’annel  coals  aft(*r  tlu*y  have*  been  buried  un- 
dcrne:)lh  a load  of  sediments  and  subjected  to 


1.  Oral  communientinn.  Thiessen,  Reinhardt. 
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iiioveim'iits.  have*  undergone  changes  similar 
to  those  which  liave  taken  place  in  ordinan'  coals 
and,  as  a.  result,  the  ratio  of  the  percentage  of 
fixed  carbon  divided  by  tlie  percentage  of  ^'oiatile 
inatler.  which  is  known  as  the  fuel  ratio,  increases. 
Asliley  has.  therefore,  edassihed  canuel  coals  into 
l)rown  sub-cauind  of  lignite  rank,  black  snb-can- 
nel  of  sid)-liitnniinons  raidc,  cannel  of  bituminous 
rank,  and  canneloid  of  semi-bituminous,  semi-an- 
tliracite,  and  anthracite  rauk.^  In  the  case  of 
tin*  c.inmdoid  \arieties  the  percentage  of  volatile 
]i;.all(u-,  as  comparcal  with  the  fixed  carlam,  is  too 
low  to  yi(dd  any  \-ery  large  amount  of  oil  on 
carboniza  lion. 

('annel  coal  dc'posits  rarely  liave  a horizontal 
extent  comparable  to  tha*  of  many  ordinary  coal 
beds.  Th(‘  carbonaceous  and  cannel  shales  some- 
times found  associated  with  them,  however,  often 
('xlend  ov(*r  larger  areas  than  the  'annel  coals 
tlnmisclv('s.  Bituminous  coal  frequently  occu’-s 
associated  with  the  cannel  in  the  sauu'  bed. 

nil  shales  are  \'ery  closady  i-elatcd  to  cannel 
coal  in  origin.  Tluw  do  not  contain  oil  as  such, 
but  the  oils  distilled  fiauu  them  are  deri^'od  from 
the  organic  matter  contained  in  +l:em.  This  or- 
ganic matter  in  all  the  well  known  deposits  '-on- 
sists  practically  entirely  of  plant  rather  than 
animal  i-emaius. 

Thiessen,-  through  microscopic  studies,  has 
found  tha^  there  Is  a m.ai-ked  similarity  in  com- 
position between  the  cannel  shales  of  the  Potrs- 
ville  of  Kentucky,  the  oil  shales  of  the  Devonian 
of  Illinois,  Indiana,  and  Kentucky,  and  the  Scotch 
oil  shales.  The  canmd  .shale-  from  the  Pottsville 
at  'Wrigley,  Kentucky  was  found  to  1)e  similar  in 
{•omposition  to  c*annel  coal  excent  that  it  contains 
a great('r  content  of  miiueral  matter.  The  organic 
deliris  cf)nsists  largely  of  spores,  some  cellulosic 
or  woody  degiaidation  and  a little  resinous  matter. 
The  oil  shales  of  the  Devonian  of  Kentucky  have 
a.  similar  compositum.  but  coi7tai7i  a still  larger 
proportion  of  mineral  matter  and  less  recoguiz- 
nble  cellulosic  degradation  matter  and  still  less 


rc^sinons  matter.  The  oil  slmle  of  llie  Devonian 
ol  Illinois  is  similar  to  those  of  Kentucky  and 
Indiana,  but  contains  little  or  no  resinous  matter. 
The  Scotch  sliale  contains  a slightly  larger  num 
her  of  larger  resinous-appearing  dark  brown 
bodies  of  a roughly  I'ounded  shape  than  the  De- 
\'onian  shales  of  Illinois.  Indiana,  and  Kentucky. 
Plate  It^,  C and  D represent  photomicrographs 
of  typical  oil  shales. 

The  oil  shales  of  the  Green  Itiver  formation  of 
(hdorado.  T"tah  and  tVyoming  and  the  IMiocene 
oil  shale  near  Elko,  Nevada  appear  to  differ  con- 
siderably from  the  Devonian  oil  shales  of  the  east- 
eim  United  States  in  composition,  structure,  and 
physical  characteristics.  Plant  deluus,  however, 
is  also  tln>  souice  of  the  organic  matter  in  them. 
Geoi-ge®  states  that  shreds  of  plants,  fragments  of 
traits  or  seeds,  pollen  gi-ains,  and  spores  are  often 
so  numerous  in  thin  sections  of  Colorado  shale 
examined  as  to  occupy  more  than  half  the  field 
of  tlie  micro.scope.  Cell  structures  are,  in  some 
cas(‘s,  beautifully  preserved. 

It  is  seen,  therefoia*.  that  coals  and  carbon- 
aceous shales  all  contain  partially  disintegrated 
and  decoiinposed  organic  remaiius,  chiefly  of  plant 
origin.  Tlu'se  have  undergone  various  stages  of 
alteration  since  their  deposition  : the  amount  de- 
pending upon  the  geological  age  of  the  deposits 
Iheir  dei^yth  of  bm'inl.  and  the  uatui'o  of  the  earth 
movements  through  which  the  area  in  which  they 
occur  has  passed  since  the  i>eriod  of  deposition. 
The  nature  and  quantity  of  the  oils,  gases,  and 
other  by-products  that  cau  be  derived  from  them 
by  any  particuhir  piocess  of  treatment,  is  deter- 
mined to  a large  extent  by  the  composition  and 
state  of  decay  of  the  organic  material  which  en- 
tei'cd  into  the  original  deposit,  and  the  amount  of 
alteration  or  metamor])hism  that  the  deposit  has 
since  undergone,  as  well  as  the  amount  of  the 
mineral  matter  that  occurs  mixed  with  the  or- 
ganic debris.  Finally,  the  mode  of  treatment  to 
which  the  coal  or  shale  is  subjected,  i)articularlv 
the  temperature  at  which  carbonization  is  carried 


1.  Aslile.v.  (Jporpe  II.  Cannel  coal  in  tlio  llnite<l  St*a  tes.  U.  S.  Geol.  Surrey  Bull.  659,  p.  10,  1918. 

2.  Thie.'isen.  Reinhardt..  Origin  and  composition  of  eei't;iin  oil  shales:  Economic  Geology,  Vol.  XVI,  pp.  289-kOO.  1921. 
M.  George.  R.  D.,  Oil  shales  of  Colorado:  Colorado  Geol.  Survey.  Bull.  25.  p.  28.  1921. 


COAL  DEPOSITS  OF  PENNSYLVANIA 


on.  has  a pronounced  iiiHuence  on  the  derived 
products. 

CIIAPTEK  V. 

COAL  AND  CARBONACEOUS  SHALE  DEPOSITS 
OF  PENNSYLVANIA. 

( 'arhona -eous  shales  are  present  in  Pennsyl- 
vania in  formations  of  Devonian.  Mississippian. 
Pennsylvanian,  and  I’ermian  ages.  Although  coal 
makes  its  first  apiiearance  in  the  Mississippian. 
it  does  not  oC(air  in  l)eds  of  minahh“  thickness  h(>- 
low  the  Pennsylvanian. 

Some  of  the  slialy  beds  of  the  Devonian  contain 
sufticient  carbonac(‘ous  material  to  give  them  a 
black  color.  This  is  true  of  portions  of  the  Onon- 
daga formation  of  IMiddle  Devonian  ag(‘  in  soiitli 
central  Pminsy Ivania  and  of  the  Purket  black 
towards  the  northeast  along  the  Pennsylvania 
Railroad  between  Altoona  and  Bellwood. 


p; 

A dozen  or  moK*  Ibin  su-e.-iks  of  eariionaci'oiis 
shale  and  seams  of  coal  from  one  to  si.\  incli(-s 
tliiek  occur  in  tlu‘  gray  sandstone  of  the  Poeono 
foianation  of  tlie  .Mississippian  perio(l  in  central 
P(ains\i\-ania.  but  no\\iiere  do  these  attain  a miii- 
able  thickness. 

.\11  of  the  imiioitant  "oal  beds  ,!f  th.e  Stab',  in- 
cluding canmd  coal  as  well  as  most  of  the  ]irom- 
inent  occurrences  of  carlionaceons  shales,  are  coii- 
tim'd  to  formations  of  Ihaimsylvanian  ag(\  Tln*s(‘ 
strata  extend  over  the  major  portion  of  western 
Pennsylvania,  as  is  brought  out  in  lignre  d,.  and 
at  numerous  horizons  contain  IhmIs  of  coal  or  car- 
bonaceons  shah-  S(>\a‘ral  ImmIs  of  -oal  also  occur 
in  rocks  of  Permian  age  in  fVasliington  and 
Oreeue  counties,  in  the  sonthwa-st  cmaiei-  of  the 


FIGUFtE  3.  tM.-ip  of  Pennsylvania,  showing  distribution  of  coal.s  by  fuel  ratios.  (Prepared  by  G.  II.  .\shh-y.  P.tos. 

New  map  based  on  more  data  i.s  in  preparation). 


shale  of  the  Upper  Devonian,  which  is  particular- 
ly well  exposed  in  ;ind  about  Altoona  in  P>l,iir 
county,  also  for  L’b  miles  to  the  southwest,  and 


Sttite  but  these  are  only  of  minor  importance  as 
far  as  thi<-km*ss  ami  horizontal  exttmt  are  con- 
cerned. 
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Stratigraphy  of  Pennsylvania  Coals. 

The  more  important  of  tlie  coal  and  carbonace- 
ons  shale  beds  of  tlie  Pennsylvanian  and  Permian 
periods  are  confined  to  rather  well  established  de- 
finite horizons  or  levels  in  the  formations  belong- 
ing to  those  periods.  These  horizons  can  often  be 
traced  over  ratlier  widespread  areas,  not  only  in 
western  Pennsylvania  but  also  over  adjoining 
parts  of  Ohio  and  West  Virginia.  It  is  common 
for  coal  to  occur  alone,  but  coal  and  carbonace- 


ous shale  may  occur  together,  and  in  some  places 
a horizon  may  be  represented  by  carbonaceous 
shale  alone  or  organic  materials  may  be  entirely 
absent.  The  ,cannel  coal  and  shale  deposits  of  the 
State  also  occur  at  these  horizons. 

The  coal  horizons  of  the  Pennsylvanian  and 
Permian  formations  from  the  top  down,  vith  the 
approximate  intervals  between  them  as  developed 
in  western  Pennsylvania,  are  given  in  the  follow- 
ing table. 


Coal  beds  of  western  Pennsylvania. 


Name  of  bed 


Tbieknpss  of  Coal 


Distance  to 
next  lower  coal 
in  feet. 


q Windy  Gap  

Nineveh  

Hostetter  

-r.  S c Diinkard  

4 o b Tenmile  (Sparta) 

^ Upper  Washington 


? — 

18  to  20  in.  

12  to  15  in.  

12  to  18  in.  

18  inches,  

0 to  14  in.  

(Locally  2 ft.  1 in.) 


Is  o 
to+,. 
P cs 

SB 

Uj  t-i 

3 O 


Upper  Wash,  limestone  at  top 

■Jollytown  

Washington  “A”  

Washin^on  

Little  Washington  

Waynesburg  “B”  

Waynesburg  “A”  


0 to  3 ft. 
I 0 to  5 ft. 
0 to  10  ft. 
0 to  12  in. 
! 12  to  24  in. 
' 0 to  4 ft. 


110-140 
;:o—  40 
125 


fiO 


70 

SO 

70—  SO 
12—  15 
30 

40 

50—  80 


-C  o 

bjo  a 

a p 

° B 
S O 

Cfe. 


Waynesburg  

Little  Waynesburg  

Uniontown  

Sewickley  (Mapletown,  Meigs  Creek) 
Redstone  (Pomeroy  bed  of  Ohio)  _ 
Pittsburgh  


0 to  lOJ  ft. 
0 to  12  in. 

0 to  3 ft. 

0 to  6 ft. 

0 to  61  ft. 

4 to  16  ft. 


20—  46 
60—  70 
115—160 
40—  80 
30—  80 
26—  60 


Little  Pittsburgh  

Little  Clarksburg  (Bavington?)  

•gj  = Wellersburg  

3.2  Duquesne  (Elk  Lick,  Barton)  

pc  Ames  limestone 

Harlem  (Priedensville,  Crinoidal,  Platt)  

.1  o ° Balerstown  

? Brush  Creek  (Gallitzin,  Masontown,  Mason,  Parm- 

i j ington)  

Mahoning  


12  to  24  in.  76—100 

0 to  24  in.  86 

0 to  24  in.  80 

0 to  36  in.  25—  35 

0 to  4 ft.  60 — 90 

0 to  7i  ft.  . ■ 70—170 

0 to  4 ft.  40—  50 

0 to  5 ft.  40—70 


Upper  Preejiort  (“E”,  Lemon,  Cap,  Coke  Yard)  

Lower  Freeport  (“D”,  Moshannon,  T.imestone)  

Upper  Kittanning  (“C'”,  Pot  Cannel,  Cement)  

Gorman  (local)  

t-.  g Middle  Kittanning  (“C”)  

Darlington  (Bens  Creek,  Lower  Kittanning  Rider) 

— 3 Lower  Kittanning  (“B”,  Miller,  White  Ash)  

Lower  Kittanning  (under  bench)  - 

:^c  Vanport  limestone  

Scrubgrass  (Upper  Clarion)  

Clarion  (.A.')  .) 

Craigsville  (local)  

Brookville  (A)  I 


0 to  9 ft. 
0 to  16  ft. 

0 to  15  tt, 

0 to  4 ft. 
0 to  6 ft. 
0 to  4 ft. 
0 to  6 ft. 
0 to  3 ft. 

0 to  3 ft. 
0 to  7 ft. 
0 to  3i  ft. 
0 to  8 ft. 


20—  65 
35—  80 
10—  30 
10—  30 
15—  30 
15—  40 
3—  20 
10—  60 
O-  30 
0—  35 
20—  30 
Oto  25 
10-  SO 


■ Upper  Mercer  (Mt.  Savage)  l 0 to  4 ft. 

= o Lower  Mercer  1 0 to  4 ft. 

Quakertown  0 to  4 ft. 

ij  g Sharon  1 Oto  5 ft. 

r,  t:  I 


O t, 
(1,0 
e. 


40—  70 
5—  20 
60-100 
50—150 


M050  ft.  above  Waynesburg  coal. 


GEOLOGIC 


STRUCTURE 
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The  lujiizoiis  listed  above  uaturally  vary  gieat- 
ly  in  importance.  Some  ot  them  contain  persist- 
mit  coal  beds  of  remarkably  uniform  thickness 
over  wide  areas  as,  for  example,  the  Tittsburgh 
bed.  In  the  case  of  others,  the  workable  beds  are 
restricted  to  comparatively  small  areas,  while  in 
others  the  coal  has  never  been  found  to  be  of 
minable  thickness.  Along  some  of  the  liorizons 
beds  of  cnnnel  co.al  and  carbonaceous  shale  are 
apt  to  be  found  and  frequently,  although  veiw 
little  or  no  coal  may  be  present,  its  place  is  taken 
by  a considerable  thickness  of  carbonaceous  shale. 
One  of  the  ob.iects  of  this  investigation  was  to 
determine  whether  any  of  these  shales  are  likely 
to  ofT(U‘  possible  sources  of  oil  in  the  future. 


Geologic  Structure. 

Over  the  greater  part  of  western  Rennsylvania 
the  strata  have  been  only  slightly  disturbed  from 
their  original  horizontal  position.  The  uplift  has 
been  largely  a vertical  one.  In  many  places, 
particularly  in  the  extreme  western  portion  of 
the  State,  in  a single  outcrop  the  formations  ap- 
pear to  be  horizontal.  When  levels  are  run  along 
a particular  bed.  however,  over  a considerable 
area,  it  is  soon  discovered  that  the  surface  made 
by  such  a stratum  is  a gently  rolling  one.  consist- 


I lo«-  liroau  vi.lsi-s.  ..r  aiiuHm.'S,  aud 

euLllv  I'l-oa.l  si, allow  vallo.s  oi-  s.violnios. 

lu  file  eeti'emc  western  part  ot  tlie  istate  these 
auticlh.es  and  s.vndines  are  the  least  aeeentuat- 
ed.  Going  eastward  they  hoiome  narrower  and 
closer  together,  also  the  o,ntkdmes  nse 
the  svuclines  are  deepe.'.  thereby  ^ 

dip  ot  the  strata  on  their  Hanks.  In  the  so 
wLtern  part  ot  the  State  the  anticlines  and  sy  ■ 
dines  trend  X.  20-25”  K-  Going  northward  tl  t 
tend  to  swing  more  toward  the  east  until  in  t le 
northern  part  of  the  State  the  tr.-nd  Js.  d-.-M 
E This  condition  prevails  over  the  part  ot  1 1 
sylvania  inclinled  in  the  A, ipalachian  plateau 
which  extends  as  tar  eastward  as  the  -Wogheny 
Front  in  eastern  Somerset  and  rarahria  . nd 
restern  Center  counties.  East  of  the  Allegheny 
Front  the  folding  has  been  much  moie  pi 

nonneed.  +!,.,■(-  +bp  decree  of  d(‘-voli- 

It  has  been  found  that  the  ue^iee  _ 

tilization  which  has  taken  place  in  the  coals  is 

c sd V related  to  the  amount  ot  deformation 

V !iet  the  strata  have  undergone.  Of  oon«e  nnnr 

erons  exceptions  occur,  as  trcqncntly  m the  same 

ristriet  two  different  beds  ot  coal  show  apprecr 

differen-es  in  their  carbon  ratios 

tions  even  in  the  same  Imd  may  oeciir  within  (om- 

rrativelv  short  distances.  The  eannel  coals,  as 

I rnn  higher  in  volatile  matter  than  the 

ordinary  coals  associated  with  them. 
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Notes  on  Deposits  Sampled  and  Tested. 
(An/aiiged  'ty  Counties) 


LEGEND 

Locarion  ot  Samples 


POTTER 


TIOGA  96.97| 

95*  • 


B RADFORD 


SUSQUEHANNA! 


\ 


■L 


• 91  ^ 


J 


-i ; ^ j WAYNE^^ 

WYOMING  ^ 1 


A 


A.... 


A 


. 93  I J CLARION 

t--S. 

ILAWRENCE „ 95-56,  ' 


I' 

L.« 

lejfs 


JEFFERSON  i 


CLINTON  \ 
V I 


LYCOMING 


\ SULLIVALJ'  / ^LACKAWSiNNa)  j'  \ 

N / ' 1 PIKE  -> 


\ 


-.J 

I 


/ j 89-90  • 1 

\ I H7FRNE  t 


■/ 


L. 


J 60 

, ■,*35-41  ^^S_ 


■H 


668  } 
CLEARRPELD  / 
69 


C \ MONROE 


ARMSTRONG  pse  g3-84 
■ ^3( 


.34 


- 7.'  I 


as 

/ indTana 

ALLE6HENV,,  ' I A 

« . - I • \v.. 


S6* 


>666-67 

I 70-730^' 

,1 ^ 

/ A f' 

? 


r' 


oy© 


C 


WESTMORELAND 

®I08 


/,50  A A" 

/ ( BLAIR  t,  49)^^  / , 

-/CAMBRIA  f / ^ 

/ •'"  / it" 


WASHINGTSN  S 

33-100^ 


/ 


■■/■'Vi  'T’ 


\ / \ LUZERNE 

„ \ rT'T?'T  C 

V--yuN,oN 

CENTER  ./  .. — -1  ,■  '-y.  carbon'- 

^ / ^/  1.^  \ 

D£B  f ^ ^ ^ 

! SrHI  IVI  Kll  I ( 

I 

-t  / 

^'DAUPHIN. 

\ LEBANON 


'\- 

.^-•']feRTHAMPTON,<“' 


X 


SCHUYLKILL  Vv 

■y.  LEHIGH  I A 

BERKS  /'-<v 

/ BUCKS  ' 


T'- 


r' 


80-81. 


/ ^ • 


V 


\ 


X" 


X 


/■^■\^  2 / 

■l./'  / , 

ezS'--^u£^  / SOMERSET  ! BEDFORD  ( 

79  ‘‘i  FAYETTE  / 

i’.V  <:  j / ""/franklin  i ^DAMS  ) YORK  '\ 

f?^7s  / /'  / / ' I Y 


/fulton 


L 77^75 


/ 


r XL... 


T"  LANCASTER  F 
' V / CHESTER 

i 

r 

i 


V \ 

■\  '^■'vM0NT60MERY\  V 

•s^.  /XV,. 


/DELAWARE!^' 


.../ 


FIGURE  4.  Map  of  Pennsylvania, 
I he  acooiiupauying  map  ( fig.  4)  shows  the  lo- 
calities yliere  samples  of  coal  of  carlionaceous 
shale  u’ere  colha-ted  whieli  liave  Ijeen  tested  in  the 
lahoratoi-y  in  conneetion  with  the  present  investi- 
gation. The  numbers  on  the  map  refer  to  the 
samples. 


*VU(^glieny  ( 'oiintju 

Tlie  lowest  strata  exposed  in  Alleglieny  County 
lielong  to  tlie  Alloglieuy  formation  and  the  high- 
est. to  the  Washington.  All  of  tlie  intervening 
liorizons.  thereforv.  sliow  at  the  surface  at  some 
plac(‘  in  th(7  county.  Tlie  l.eds  dip  gently  toward 
the  sontliw(‘st  so  that  the  lower  formations  come 


sho-wing  loeatioiL  of  samples  tested. 

to  tlie  surface  in  the  nortJieastr-rn  part  of  the 
county,  while  the  higlic^st  ones  are  found  capping 
the  hills  in  the  southwestern  portion.  This  simple 
structure  is  modified  somewhat  by  several  broad 
anticlines  and  syncliues  having  a no>'theast  trend 
across  the  coinnty. 

The  coals  of  Allegheny  County  have  flxed-car- 
hon  percentages,  comipnted  on  a pure  coal  basis, 
lauging  from  oi  to  (53  and  are,  tln*refore,  of  liitnm- 
inons  rank.  Adiile  some  belong  to  the  Belmoutite 
type,  most  of  them  conie  under  the  Pittsite  type 
of  Ashley’s  classification. ^ Cannel  coals  and 

sliales  found  associated  witli  tlnmi  can  be  expect- 
ed to  yield  a fair  quantity  of  oil  if  their  ash  con- 
tent is  not  too  high. 

o 


1.  A.slile.v.  Georgp  IT  Tho 
i-ey  Bull.  8,  p.  .5.  l'f)20. 


oi'igiii  of  Ponnsylvaiiia  coal. 


Pennsylvania  Bureau  of  Topographic  ami  Geological  Sur- 


ALLEGHENY  COUNTY  COAL 


IT 


During  tilt'  yresrut  inxestigiitiun,  saiupk^s  i vuin 
three  horizons;  uaiuely,  the  I pper  Eree])ort,  Du- 
quesne,  and  Pittsburgh,  were  tested. 

Samples  1 to.  12  inclusive  were  taken  I'roin  the 
liorizon  of  tlie  iJxtper  Freeport  coal.  Over  a cou- 
sdderable  portion  of  northeastern  Allegheny  Coun- 
tv, the  Ujtper  Fiaa'port  coal  is  remarkahly  ^V(dl 
developcal,  i-eaehing  a maximum  thiekness  of  10 
feet.  This  area  is  commonly  spoken  of  as  tlie 
■‘Tliiek  Freeport”  district.  In  a considerable  part 
of  the  area  it  is  overlain  by  a varying  thickness 
of  cannel  shale.  At  present,  practically  no  at- 
tempt is  l>eing  made  to  i'ec<)ver  any  ol  this  (■.nimd 
shale.  It  is  left  underground  In  figure  h the 
extent  of  the  cannel  shale  deposit  associated 
with  the  T"]!]ter  Freeitorf  coal  has  been  apiu-oxi- 


mately  outlined  by  means  of  the  broken  line. 

It  covers  an  ;u'ea  of  altoul  In  sipnire  nules.  At 
the  soot lieastc'rn  end  the  (b-posits  extend  a short 
distance  ON'er  into  tt'esl  moreland  < ounty. 

At  the  (takmont  No.  1 mine  of  the  Dia.nmnd 
Coal  ami  ' 'oke  ('ompany.  at  Ihirking  Station  tlu' 
i’olhiwing  eom])osit(‘  section  (d  tin*  1 ppei'  h re('- 
]i()Vt  coal  was  tneasured:- 

Secfioii  of  Upper  Frecpoii  coni  <il  lUdkiiKj 
Ftaiion. 

Ft.  I ti. 

Cray  shah*  r(.)of. 

Canmd  shah*  1 P* 

Bittiminous  coal  2 in 

pony  coal  H 

Pitnminous  coal  2 8 , 

Carbonacc'ous  shale  1 

Bitundnous  coal  •> 

(.'arbonaceotis  shale  1 

Bitundiuons  coal  *’ 

Clay  floor 

Samj)le  No.  1.  icpresmiting  th(*  canm‘1  shale. 
gav('  a yiedd  of  2.a.5  gallons  of  oil  per  ton.^ 

At  the  CreigiitOiU  tnitu*  of  the  Pitfslu'rgh  Plate 
Class  Company  at  Ci-eigbfon.  tin*  followitig  com- 
Itosif'c  se 'tion  rvas  obfaiiu'd:  - 

Feefion  of  Tapper  Freepori  coal  at  F ]'el<ild e>n . 

Vt.  In. 

Shale  roof 

Canm*l  shale  •'  d 

Bittiminotts  coal  2 s 

Bony  coal  ‘ 

Bituminous  coal  •>  2 

Clay  floor 

Samph*  No.  2,  rei)fesenting  tin*  two  benches  of 
biftuninoits  coal.  ga\'e  a yi(*ld  of  2-1. s gallons  of 
low-temperature  tar  ]H*r  ton.  Sample  No.  2,.  ri'p- 
resentiug  the  lower  1 foot  4 itiebes  of  eaum*l  "^hale, 
gave  a yield  of  2!bb  gallons  ol  oil  and  saupde 
No.  4,  reiiresenf ing  tin*  upfH'r  2 f(>(*r.  gave  a yi<*ld 
of  1-2.4  gallons. 


1.  The  kind  of  retort  used  i.s  indicated  in  tlie  tables  in  cliniiter  t II. 
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At  tlie  ]4e8senu‘i'  A'o.  2 mine  of  tlie  Kepuhlic 
Ii'on  and  Steel  Company,  one  mile  south  of 
Russellton,  the  following'  section  was  measured 
along  the  north  entry  between  west  9 and  10  butt 
entries  to  left: — 

i<rctio)i  of  Upper  Freeport  coal  near  Bassellton. 

Ft.  In. 


(tray  sliale  roof 

('annel  shale  1 7 

Hiluminons  coal  2 10 

iSoiiy  coal  

llitiiminons  coal  .3  2 

Clay  floor 


Sample  No.  5,  reiu'esenting  the  bony  coal,  gave 
a yield  of  10.9  gallons  of  low-temp(‘ratnre  tar  per 
ton  and  sample  Xo.  0,  representing  the  cannel 
shale.  20.4  gallons  of  oil. 

At  the  No.  1 mim*  of  the  Superior  Fuel  Com- 
]iany,  two-thirds  of  a mile  northeast  of  Itiissell- 
ton.  the  followiiUg  com]H)sitc  section  vas  ob- 
tained : — 

Section  of  Upper  Freeport  Coal  near  Riiftf<ellton. 

Ft.  In. 


Gray  sliale 

Cai-bonaceons  shah*  

Cannel  shale  2, 

Dituminoiis  coal  1 

Shah*  

Ilitnininons  coal  , . . 

Foiuy  coal  

Hitiiminons  coal  3 


8 
r> 
1 1 
3 
9 
8 
0 


Samph*  No.  7.  repres(*iiting  the  bony  coal,  gave  a 
yield  of  1G.3  gallons  of  low-teanperatnri*  tar  per 
ton  : sample  No,  8,  i*(*j)resenting  the  lower  14  in- 
ches of  cannel  shah*,  produced  34.7  gallons  of  oil ; 
and  sam]>le  No.  9,  representing  the  up]H*r  2 feet 
3 inches,  17.G  gallons. 

At  the  Benjamin  mine  of  the  Ford  Collieries, 
one-third  of  a mih*  inoi'thwest  of  Curtisville,  the 
following  s(*ction  was  measured  neai*  tin*  shaft 
bottom : 

Section  of  Upper  Freeport  e<ial  at  Fartisrille. 

Ft.  Tn. 

SandstoTK*  roof 

Cannel  shah*  2 3 


Bituminous  coal  2 7 

Bony  coal  11 

Bituminous  coal  3 0 

Clay  floor 

Sani]>le  No.  10,  representing  the  cannel  shale,  gave 
a yi(*ld  of  27. .3  gallons  of  oil  ])er  ton. 

At  the  Francis  mine  of  the  same  company, 
two-thirds  of  a mile  west  of  Culmerville.  the  fol- 
lowing section  sho’\^s  along  the  main  air  course 
neai*  the  shaft  bottom : — 

Section  of  Upper  Fj-eeporf  coal  near  Cnlmer- 
rille. 

Ft.  Tn. 


Sandstone  roof 

Cannel  shale 3 0 

Bituminous  coal  2 3 

Bony  coal  1 0 

Bituminous  coal  3 1 

Clay  floor 


vSample  No.  11,  representing  the  cannel  shale, 
gav(*  a yield  of  31.4  gallons  of  oil  per  ton. 

At  the  Berry  mine  of  the  above  company,  at 
Bairdforcl.  the  l)ed  shows  the  following  develop- 
ment near  the  shaft  bottom: — 

Section  of  Tapper  Freeport  coal  at  Bairdforcl. 

Ft.  In. 


Sandstone  roof 

Ca.nncl  shale  2 4 

Bituminous  coal  2 10 

Bony  coal  8 

Bifuminous  coal  3 7 

(''lay  floor 


Samjile  No.  12,  representing  the  cannel  shale, 
iwoduced  30  gallons  of  oil  per  ton. 

At  the  No.  3 mine  of  the  Yalh*y  t'amp  (''oal 
Company,  along  Bucketa  Creek  in  AYestmoreland 
County,  one  miile  east  of  Parnassus,  the  following 
composite  section  ’\^'as  obtained: — 

Section  of  Ujiper  Freeport  coal  near  Parnass7is. 

Ft.  Tn. 

Fine  gi-aiiiu-d  sandstone  roof 


Cannel  shah- 10 

Bituminous  coal  4 

('ai-boiua.ceous  shale  9 


ALLEGHENY  COUNTY  COAL 


4!) 


JUtuniiuoiis  cnal 

Bony  coal  

Bituminous  i-oal 

Shale  

Biniininous  ena! 
Sliale  

Bituminous  coal 
t'lay  floor 


0 

(i 

(; 

4: 

1 

11 


Sample  No.  105,  representing  the  two  thick 
l)enches  of  bituminous  coal,  which  are  the  only 
ones  mined,  gave  a yield  of  23.0  gallons  c>f  low- 
temperature  tar  per  tou.  Sample  No.  100.  rep- 
resenting ihe  bony  coal,  gave  10.5  gallons  and 
Sample  No.  107,  representing  the  cannel  shale, 
gave  30.1  gallons  of  oil. 

Tlie  aliove  des,:'rilieil  d'‘posi1  of  cannel  slialc 
is  the  large.st  one  Urns  far  discovered  in  Bennsyl- 
vauia.  It  underlies  approximately  48  sopmre 
miles  of  territory.  As  is  shown  by  the  sections 
given,  the  thickness  of  the  canmd  shale  varies 
considerably  if]'om  ]dace  to  ])lace.  but  it  is  safe 
to  assume  that  the  average  for  the  entire  area 
will  not  be  less  than  2 feet.  'I'heia^  ai‘e  prolmbly 
present  from  125  to  i50  million  tons  of  cannel 
shale  that  will  average  28  gallons  of  oil  to  the 
ton.  Unfortunately,  the  bituiinuous  coal  beneath 
it  is  rapidly  being  mined  out  and  the  cannel 
shale  is  being  left  in  such  condition  that  it  nill 
not  be  accessible  at  some  future  time  vdiou  petro- 
leum prices  will  have  reached  a point  where  it 
will  become  profitable  to  ren-over  the  oil  eentent 
from  imterials  of  this  char.actei'. 

Samples  13  and  14  are  from  the  Duquesne 
horizo7i.  Over  most  of  Ihe  Bittsbureh  district 
the  Birmingham  shale  luember  of  the  upper  por- 
tion of  the  Conemaugh  formation  has  at  its  base 
one  or  more  feet  of  l)lack  carbonaceous  shale 
with  sometimes  a thin  l)cd  of  bituminous  coal 
beneath  it.  The  name  Iiuquesne  has  been  given 
to  this  coal.  Tt  corresponds  ap]u*oximately  in 
position  to  the  hllk  Lick  liorizou  as  found  <dse- 
where  in  the  State. 


\long  Ihe  Last  Fork  of  Sandy  ('reek,  ;iboiit 
one-half  mile  above  Uhiie  .\sh  or  Sandy  Creeiv 
Station  on  the  M'ilkinsburg-A'erona  Electric  iuiie. 
the  Dmnic'^ue  liorizou  shows  1Ik‘  following  d.e- 
velo[)ment ; — 


t^ectioH  of  Duquesne  bed  near  White  Ash. 


Ft. 

In, 

D;irk  gray  sandy  shale 

Cai'bonaceous  shale 

O 

O 

Bitunduous  coal  

Id 

Dai'k  gi-ay  sandy  shale. 

Sample  13.  representing  the  cai-bonacous  shale, 
was  taken  from  an  outcrop  along  a country  road 
and  was  in  a badly  weathen'd  coudition  so  that 
it  is  not  representative  of  this  material  under 
cover.  It  showed  a yield  of  only  4.0  gallons  of 
oil  per  tou. 

Along  tin*  Eeavei-  and  Fittsbureh  road,  one- 
half  mile  southeast  of  Bayne  in  Franklin  Town- 
shi]).  the  Duquesne  horizon  exhibits  IIk*  folhrwing 
characteristics; — 


Aectinn  of  Duquesne  bed  near  Baqne. 

(ira>'  shale 
( 'arbonaceous  shale 

Gray  shale 

Bituminous  coal  . 

Tlu'  carbonaceous  shale  is  in  a badly  weatheriMl 
condition  in  the  outcrop  :iml  saaiiple  No.  14  nqv 
reseuts  only  the  least  weathered  portions.  3 his 
showed  a yield  at  the  rab*  of  8.7  gallons  of  oil 
per  tou. 

A thin  be<l  of  cai'bouaceous  shale  usuall\'  over- 
lies  the  Pittsbui'gh  coal  a1  Bittsburgh.  The  fol- 
loA'.'ing  section  of  this  b(>d  was  measured  in  flit' 
Squiri'Cl  Hill  <listrict  (4'  i’il  Isbui-gh  in  a cut  ;ilong 
Aylesboro  Ayamue,  neai‘  Mun-ay  Avenue: — 


Ft. 

!l 

S 

(thickm-ss  ?i 
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.■".(I 


Scciion  of  shunjh  hcd  in  Pilt.shurfjh. 

Ft.  1 


II. 


Koof  eoal 
(not  mined) 


(tray  sandy  shale 
(i'arhonaecMnis  slialc 
Hituininons  coal  . 
( 'arbonaceons  shah 
Bituminovis  coal 

(day  

Bitnminons  coal 
(tray  shale  ... 
Bituniinons  coal 
(tray  shale  ..... 
Bitii'nidnons  coal 
( 'arbonaceons  shale 
(dial  


lU 


"'/2 
■ ) 

5 

o 


O 

0 

1 

1 1 Va 

11/o 

!(>>< 


(iday  (drawn  slate)  . . 9V2 

Bitnminons  oal  ....  15  (5 

Coal  mined  ^ Shale  

1 ’ilniniiions  coal  ....  1 !)l/b 

( 'lav 


Sample  15,  reiiresenting  Hie  carbonaceons  shale 
at  the  top.  }n-odnced  at  the  rati*  of  (i.5  gallons 
of  oil  per  ton. 


Armstrong  Connly. 

The  strata  cropping  ont  in  Armstrong  (donnty 
belong  to  the  Mississippian  and  Pennsylvanian 
series,  the  Pocono,  Pottsville,  Allegheny,  Cone- 
mangh,  and  Monogahela  formations  being  rejo'e 
sented.  Dnidng  Ihe  uplift  at  the  closi*  of  the  Pm-- 
mian  jieriod.  Ihe  strata  were  wariied  into  gcmtle 
lolds  with  nor1heast(*rly  trending  a.ves,  which, 
on  the  Avhole,  have  a gentle  pitch  toward  tlu' 
southwest  so  that,  jnst  as  in  Allegheny  County, 
remnants  of  tin*  higher  beds  remain  only  in  the 
southern  part  of  the  county. 

ddie  coals  of  Amiisti'ong  (''onnty  have  tixed-car- 
bon  percentages,  computed  on  a ])ui-e  coal  basis, 
ranging  from  .)(>  to  (ig  and  are,  theia^fore.  of  biliimi- 
noiis  rank,  ranging  from  Padmontite  to  Pittsite. 
according  to  ,\slih'y's  classification,  with  the  latti'r 
t.vjie  ]u-edominating. 


During  the  jireseiit  investigation,  samiples  from 
the  Lower,  Middle,  and  Upper  Kitta, lining  and  the 
Lower  and  Tipper  Freejiort  horizons  were  tested. 

The  Lower  Kittanning  is  one  of  the  most  im- 
portant coal  beds  of  the  county.  At  the  No.  7 
mine  of  the  Pine  Run  Coal  Comjiany.  one  mile 
south  of  New  Bethlehem,  in  Mahoning  Township, 
it  has  the  following  thickness: — 

Ncctioa  of  Loirri-  Kittaimiiig  bed  near  New- 
Bet  hi  eh  enh. 

Ft.  In. 

Dark  shale  roor 

Bony  coal  7 

Bituminous  coal  2 4 

Shale  floor 

Sample  AM.  I(>  of  the  bituminous  coal  obtained 
at  this  locality,  produced  at  the  rate  of  22  gal- 
lons of  low-tmnp(‘ratur(*  tar  per  ton. 

Aloug  Harts  Run,  in  Bradys  Bend  Township, 
the  ^Middle  Kittanning  coal  is  overlain  by  cannel 
shale.  The  following  section  was  mea.sured  at 
the  country  bank  of  Christman  and  Dewey,  near 
Lacy’s  Store : — 

t^ecfion  of  Middle  Kidanning  hed-  near  lAtey’s 
Store. 

Ft.  In. 

('arbonaceons  shale 

(Ainu el  shale  1 2 

Bituminous  coal  5 53 

Shale  floor 

Sample  ATo.  17,  of  tin*  caniud  shale,  gave  a yi{dd 
at  tlie  rate  of  28  gallons  of  oil  per  ton.  Tlu'  can- 
nel shale  appears  to  1h‘  a local  dmadopment.  prob- 
ably not  more  than  50  ai  'res. 

Along  most  of  the  Uiipm-  Kittanning  horizon, 
where  it  is  exposed  in  Armstrong  County,  from 
a few  inches  up  to  thri'e  feet  of  bituminous  coal 
are  present,  but  the  bed  exhiliits  extreme  iiTegn- 
larity.  The  bed  is  5 feet  thick  in  small  areas. 
Cannel  coal  has  lieen  found  at  this  horizon  in  a 
channel-like  deposit,  extending  from  a point  about 
two  miles  southwest  of  South  Bethlehem  in  an 
easterly  direction  for  about  0.7  miles  to  a point 
about  three-fourths  of  a mile  northeast  of  Mc- 
Williams. 


ARMSTRONG  COUNTY  COAL 


The  extent  of  the  ciiimel  coal  deposit  at  tliis 
horizon  in  norlliern  Aiinstioni;  f'ouuty  is  sliown 
on  ligure  (i.  X(*arly  one-ha.lf  of  tiie  original  de- 
posit lias  be(*n  removed  hy  erosi'an.  The  black 
areas  oii  the  map  show  those  i»ortions  of  the 
channel  that  have  oitlier  been  mined  out  or  ari 
being  mim'd  at  tlu'  present  tiim*.  Tin*  dotted 
areas  show  \ irgin  gi()n;nl.  and  the  bia.nk  s])aces 
along  the  course  rc'presi'iit  valh*ys  cut  Ik'Iocv  the 
coal. 

The  maximum  width  of  the  chanm'l  over  which 
coal  of  minable  thickness  has  been  found  is  aji- 
proxiinately  SOO  feet.  The  canm'l  coal  has  its 
greatest  developim'iit  along  the  center  line  of  the 
channel  and  thins  comparatively  rapidly  on  either 
side.  Till'  bitnminons  coal,  on  th.e  <dher  hand, 
which  immediately  underlies  the  canneh  main- 


tains a moi-c  nearly  nnifoniii  i f ickm'ss  over  tiic 
entire  ar(‘a.  t'onsid»‘rablc  \ai-ialions  in  thiHcn'-S' 
of  tlm  cauncl  coal  also  occni  ahmg  'he  ■•enter 
line  ('f  the  channel. 

The  canncl  coal  is  at  present  being  mii'cd  at 
I’o^'tonia.  near  the  head  of  tin,'  small  ran  ('ntcriiig 
lied  Hank  ('rc'ck  just  IkIo'c  South  Hethh'hcm. 
Aline  No.  of  the  Pirn*  Knn  (,'oal  Comiiiiny.  is 
located  in  this  deposit  on  the  west  side*  of  the  rnn. 
In  lOls.  the  main  entry  had  been  driven  to  the 
west  as  far  as  tin*  lu'xt  rnn  shown  on  tin*  map. 
and  the  rooms  on  either  .side  had  ]iiacii  -alh’  beim 
woi-ked  out.  Th(‘  intenticjii  of  tin'  company,  there- 
fore. was  to  tc'inporarily  closi*  the  Jiiine  nntil  tin* 
Upper  and  Lo\t('r  Fr(‘e])oi-t  coals  above  are  ndned 
bc'fore  attempting  to  tak(‘  otit  tin*  [)illars.  In  th.' 
nn'antinn',  the  continuation  of  tin*  channel  on  the 


FIGURE  6.  Map  showing  extent  of  Upper  Kittnnni  ng  oannel  coal  deposit,  northern  Armstrong  County. 
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opposite  side  of  the  valley  to  the  west,  between 
it  and  Kod  Bank  Crt'ch.  was  being  sought  by 
means  of  a diamond  drill.  The  old  No.  8 mine  in 
this  deposit.  OJi  the  east  side  of  the  run  at 
Bostonia,  was  being  drained  and  put  iu  shape 
so  tliat  mining  could  be  continued  in  the  virgin 
ground,  shown  on  the  map  toward  the  east. 

A cross-section  of  the  channel  in  the  No.  9 mine 
is  shown  in  figure  7.  This  was  measured  about 


Section  3 


Section  / Section  3 Section  3 


M M.o. 

FKJURE  7.  Tliree  sections  of  Upper  Kittanning  bed 
and  cross-section  of  deposit  as  developed  in  the  No.  9 mine 
of  tlie  I’iiie  Run  Coal  Company  at  Bostonia,  Armstrong 
County. 


une-third  of  a mile  west  from  the  mouth  of  the 
mine.  Section  1 of  the  same  figure  shows  the 
thickiu'ss  of  the  coal  near  the  northern  margin 
of  the  cliannel,  aud  sections  2 and  3 are  repre- 
sentative of  the  deposit  near  the  center  of  the 
channel  at  this  point.  Sections  1 and  2 were 


measured  in  room  24  on  the  north  side  of  the 
main  entry,  and  section  3 was  obtained  in  room 
27  on  the  south  side.  The  thicknesses  developed 
iu,  these  sections  were  as  follows: — 


SecUoiis  of  TJppfr  Kiiiannin g ted  near  Bostonia. 


Carbonaceous  shale  -- 
Cannel  shale  - 

Cannel  coal  

Bituminous  coal  . __ 

Section  1 

Section  2 

Section  3 

1 ft.  0 in. 
1 ft.  0 in. 
I ft.  6 in. 
1 ft.  11  in. 

not  measured 
not  measured 
8 ft.  8 in. 

1 ft.  li  in. 

not  measured 
1 ft.  2 in. 

9 ft.  10  in. 

1 ft.  3 in. 

Sections  4 and  5 were  measured  in  room  72  on 
the  north  side  of  the  main  entry  near  its  western 
extremity.  The  former  was  near  the  northern 
margin  of  the  channel  aaid  the  latter  was  near 
the  .center,  the  distance  between  the  two  being 
507  feet.  The  sections  are  as  folloAvs: — 

Gray  shale  roof. 
Cannel  coal  _ . . 

Section  4 

Section  5 

Section  6 

1 ft.  0 in. 
n ft.  9 in. 
3 ft.  0 in. 
1 ft. Ill  in. 

3 ft.  6 in. 

1 ft.  2 in. 
5 ft.  6 in. 

2 ft.  4 in. 

not  measured 
8 ft.  3 in. 

2 ft.  1 in. 

Cannel  shale 

Cannel  coal 

Bituminous  coal  

Dark  shal'  floor. 

Sectioin  (>,  wvas  obtained  in  room  33  on  the  south 
side  of  the  main  entry. 

A considerable  portion  of  the  cannel  coal  in  this 
deposit  has  a ‘’curly”  or  “bird’s  eye”  structure. 

Sample  No.  IS,  representative  of  the  bitumin- 
ous coal  as  de\  eloped  in  section  C,  showed  a yield 
of  20.1  gallons  of  low-temperature  tar  per  ton. 
Sample  No.  19,  of  the  cannel  coal  from  the  same 
section,  produced  at  the  rate  of  32.9  galloiiis  of 
oil  ])er  ton.  Sample  No.  20,  of  the  “curly”  or 
“bird’s  eye”  cannel  coal,  obtained  in  roonr  38, 
gave  34,6  gallons  per  ton ; while  sample  No.  21, 
of  the  cannel  shale  from  section  4,  gave  22.3  gal- 
lons; and  sample  No.  22,  of  the  carbonaceous 
shale  from  room  38,  gave  7.8  gallons. 

Oaunel  coal  wa.s  also  mined  formerly  on  the 
east  side  of  Cathcart  Run  in  mine  No.  1 of  the 
Pine  Run  Poal  Company  and  on  the  east  side  of 
Little  Mudlick  Creek  in  mine  No.  3 of  the  .same 
company,  but  both  of  these  mines  are  now  worked 
out  and  abandoned.  Some  cannel  coal  was  also 
taken  out  years  ago  on  the  old  Jacob  Schiech 
farm,  now  the  U.  P.  Cruver  farm,  northeast  of 
IMclYilliams  on  Sugar  Camp  Run. 
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PLATE  IV. 


A.  Photomicrograph  of  cannel  coal,  probably 
Upper  Kittanning  horizon,  country  bank  of  G.  W. 
Currie,  two  miles  north  of  Nealeys,  Pa.  A typical 
humic  cannel  coal  containing  almost  no  spore  re- 
mains. Magnified  200  times.  (Courtesy  R.  Thiessen.) 


B.  Photomicrograph  of  cannel  shale.  Lower  Free- 
port horizon,  from  outcrop  three-fourths  of  a mile 
southeast  of  Kiskiminitas  Junction,  Pa.  The  true 
nature  of  the  organism  which  formed  the  bodies 
characteristic  of  this  shale  is  not  yet  known.  Magni- 
fied 200  times.  (Courtesy  of  R.  Thiessen). 


C.  Photomicrograph  of  oil  shale.  Chattanooga, 
Upper  Devonian  horizon,  Taylor  County,  Ky.  A 
typical  spore  shale.  Magnified  200  times.  (Courtesy 
R.  Thiessen). 


D.  Photomicrograph  of  oil  shale,  from  Green 
River  formation  (Eocene),  Soldiers  Summit,  Utah. 
Magnified  200  times.  Courtesy  R.  Thiessen). 
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A.  Mouth  of  Paragon  Coal  and  Coke  Company’s  drift  at  Cannelton,  Pa. 


B.  Cars  of  cannel  coal  at  tipple  of  same  company, 


ARMSTRONG  COUNTY  COAL 


According-  to  Ashley.'  \vlio  visited  this  locality 
in  U'14.  the  caiuud  coal  in  tlii-  I'ine  Run  No.  1 
iiiiue  OIL  ('athcart  Run  occm-red  in  two  henclies. 
the  upper  from  less  than  three  to  more  than  live 
feet  thick  and  the  lower  from  .-ix  inches  to  seven 
feet,  separated  hr  twelve  to  twcrnty  iiwhes  of 
■mixed”  coal,  all  underlain  liy  tno  feih  or  moi-e 
of  bituminous  coal.  I In  ■•mixed”  coal  had  six 
inches  of  bituminous  at  tin*  bottom  and  the  rest 
was  “curly”  cannel  with  streaks  of  bitttminons. 
Both  tlu‘  canmd  and  bitnminons  coal  n'ere  irre- 
gular. for  as  the  cannel  thinned,  the  bituminous 
coal  thickened,  rivu'hing  tiv(^  feet  at  the  back  of 
the  mine. 

At  the  Tine  Rtin  No.  -1  miiu'  on  IMudli  .-k  Creek, 
the  cannel  coal  was  four  to  eight  feet  thick,  aver- 
aging about  six.  and  was  ovm-lain  in  most  places 
by  bituminous  coal  of  the  maximum  tliickness 
of  two  feet.  In  places  a little  bituminous  coal 
was  found  u,nder  the  cannel.  Tlu'  canmd  coal  ran 
out  in  entries  to  the  north,  but  held  its  thickm*ss 
in  those  to  the  east.  A new  mine  at  that  time, 
opened  south  of  No.  .’1.  but  now  also  abandoned, 
appeared  to  be  in  a branch  of  the  main  -lianiud 
for  tli('  cannel  coal  in  it  tliinn 'd  to  tin*  east,  but 
h(‘bl  up  to  se-\(‘u  feet  towards  the  south. 

On  the  G.  T.  Grmer  farm,  northeast  of  iMc- 
'Williams.  the  thickness  of  carin':’!  coal  is  greatly 
reduced.  Platt-  gives  the  following  section: — 

S(cti()ii  of  I'jijin-  Kittdiniiiiii  hrt]  iii'or  Mc- 
Williams. 

Tl.  In. 

Shale 

Bituminous  coal d 

Cannel  coal  H <i 

Bituminous  'oal  1 

Shale 

In  a.n  old  opening  on  this  faini  the  writer 

mea.snred  six  feet  oiu'  inch  of  bituminous  coal, 
with  an  8-incli  bench  of  cannel  coal  in  its  lower 
portion.  Sam])l(‘  2.d.  rejm'simtative  of  the  latter, 
yielded  at  the  rate  of  .‘10. 7 gallons  of  oil  per  ton. 


The  entire  tonmige  of  minable  canmd  and  hi 
tuminoi's  ct'al  prc'scnt  originallv  in  those  por- 
tions of  th('  ('[iper  Kittanning  channel  di'poslt  of 
northern  Armsti'ong  County,  described  abo\c. 
wliich  esca]>ed.  eresion.  was  probably  not  much  in 
ex -ess  of  d.nOO.OOO  tons. 

In  Bradys  iamd  'rownship.  near  the  head  of 
llidder  Run  about  (me-tliird  (d'  a mile  north  of 
Somerxille.  another  local  (h'velopimmt  of  canmd 
shah'  (u-cui-s  in  assoidation  with  the  Ti»per  Kittan- 
ning  coal.  It  is  not  ex]!osed  at  jiri'sent  and  the 
old  mine  workings  arc'  immcessible  so  that  the 
only  data  available  on  this  dc'posit  is  that  givi'ti 
by  Platt,  nho  ilescribes  the  occurrenci'  as  fol- 
lows:— “At  the  C.'inner  mine  in  the  ravine  of 
Ibdder's  Rtin  IIk-  leal  is  2 fi'et  thick  at  the  out- 
•■ro]),  increasing  within  a short  distanci'  to  -')  feet, 
all  bituminous  coal  of  a fairly  good  (|un!ity.  The 
iloor  of  the  seam  tlnm  rapidly  des<'ends  at  an 
angle  id'  1(!  degri'cs  to  a depth  of  7 feet,  the  roof 
meanwhile  remaining  horizontal:  the  interval  be- 
tween is  gradually  occupied  by  a mass  id'  im]uire 
cannel  shale  of  a dull  lustre,  and  having  a con- 
choidal  fracture.”"  Sample  Xo.  24  was  obtained 
by  the  writi'r  in  l!)2d  from  thi'  duui])  id’  the  idd 
(fanner  mine,  and  is  prnbably  f.airlx'  ri'preseiiia- 
tive  of  the  average  character  of  t!:e  canmd  shale. 
(‘X  ’cpt  that  it  has  been  e.xiiosed  ti'  thi'  weather 
for  many  y(‘ars.  It  showed  ;t  yield  of  -’Id.S  g illons 
of  oil  per  ten. 

In  East  Franklin  Townsliip.  aleiig  a branch  of 
Linu'stone  Pun.  about  one  and  one-third  miles 
south  of  Adrian,  a consideralde  tliickm'ss  of  e.-ir- 
lionaceons  shale  and  canmd  shale  occurs  associat- 
ed with  the  Upper  Kitt:inning  coal.  The  fidlow 
iug  two  sections  wen*  obtaimd  along  the  banks  of 
the  stre-anr  within  a distanci'  of  sevi>i'al  hundred 
yards : — 

>S'crf/o;/v  of  U/L/mr  Kitia iniiiKj  hed  iirar  .{(Irian. 

S"otion  1 S’  otion  e 

C:irhou;iei’Oii>  4 ft.  Ill  in.  it  ft.  n in. 

Gray  ?hal?  1 ft.  4 in.  1 ft.  4 in. 

I-iitnniinoii.«  real  2 ft.  :!  in.  1 ft.  f>  in. 

Canni?!  fhale  L ft.  G in.  (f1 


1.  Ashley,  (tporge  It..  Cannel  coal  in  the  T’niteil  Stti  tes.  C.  8.  Cent  Snr\  ey  Rnll.  mi.  IMMII,  Itn.S, 

2.  Platt,  tv.  (t.  Iteimrt  of  Progress  in  Armstrong  Conniy.  Penn.  Sei'ond  Cerl.  Snrx’ey.  TT  it  mi.  1S1-1,S'2.  t.STU. 
o.  Platt,  tv.  O.  op.  cit.  p.  222. 
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L'lifoiiuiiately,  tlie  outviop  malarial  was  pretty 
Itadly  weatiiered  so  that  it  was  impossible  to  ob- 
tain frc’sh  samples.  Sample  No.  -~k  of  the  lower 
seven  feet  of  tbe  earboiiaceons  shale  expos(Ml  in 
section  2,  the  one  farthest  upstream,  gave  a yield 
at  the  rate  of  3.4  gallons  of  oil  per  ton.  Sajuple 
No.  2G,  of  the  carbonaci'ous  shale  from  section  ). 
gave  II. 0 gallons  of  oil  pen-  ton,  ami  sample  Xo.  27, 
of  the  canned  shale  fi'om  the  same  s(*ction,  gave 
IS.G  gallons. 

In  a prospect  opeming  of  the  Pine  Run  Coal 
Company,  one  and  om'-tjnaider  miles  south  of 
Xew  Bethlehem  in  4lahoning  Township,  neai' 
Boston ia,  the  Lower  Pr(H‘port  ce)al  shows  the  fol- 
lowing development: — 

flection  of  Loirer  Freeport  coal  rear  Bos;fo)iia. 

Ft.  In. 

Dark  sandy  shah*  loof 


Bituminous  coal 2 1 

Bony  coal  1 

Bitnmi, lions  coal  3 

Shale  floor 


Samph*  Xo.  2S,  r(*])resentative  of  the  bituminous 
coal,  gave  a yield  at  the  rate  of  23.4  gallons  of 
low-temperature  tar  per  ton. 

In  tin*  vicinity  of  Frc(*port.  a b(‘d  of  cannel 
shale,  covering  approximately  2.1.5  square  miles 
of  teriitoiy,  occurs  associated  with  the  Lower 
Freeport  coal.  This  deposit  is  of  considerabh* 
historical  interest  on  account  of  the  flourishing 
coal  oil  industry  which  it  supported  during  the 
]ieriod  jnst  ]»rior  to  tlie  development  of  the  petro- 
h*nm  industry  in  the  Cnited  States.  At  present, 
1he  old  mine  workings  are  inaccessible  and  in 
f(trmation  in  regard  lo  the  extent  and  character 
of  the  diqmsit  can  only  be  obtained  from  a few 
scatteri'd  (Uilcrops  and  observations  on  the  nature 
of  the  material  found  on  the  old  mim*  dumps. 

Tin*  ontcro])  (»f  the  Jaiwer  Freeport  in  the  vicin- 
ity of  Freeport  and  Kiskiminitas  Junction  is 
shown  by  a solid  black  line  on  figure  8.  The  pro- 
abb*  horizontal  (*xtent  of  the  cannel  shale  deposit 
is  indicated  by  the  area  enclosed  within  the 
broken  line,  and  the  points  at  which  samples  were 


Pa. 


obtained  are  marked  by  black  dots  and  numbers 
corresponding  to  those  assigned  to  the  samples. 

Along  the  road  just  above  Schenley  at  an  ap- 
proximate ehwation  of  8GG  feet,  the  following 
section  Avas  measured: — 

Fcefioii  at  Schoilcii. 

Ft,  In. 


Dark  gray  shah* 

Fpp{*r  Freeport  coal  4 3 

Clay  3 

lajiK'stone  2 

Cov(*red  26  8 

Cannel  shale  3 4 

I8hale  6 8 


Lower  Freeport  coal  only  ui>p<*i-  part  exposed. 

The  cannel  shale  also  ci'ops  out  in  Westmoreland 
County  along  a small  run  flowing  north  into  Kiski- 
minitas EBer,  three-fourths  of  a mile  southeast  of 
Kiskiminitas  Junction.  Along  the  east  side  of 
this  run  the  following  section  AAms  obtained: — 
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i<ection  near  Kiskiininitas  Junction. 

Saiidsloiie  roof 
rpjKO'  Fi-oo]K)rt  coal 

(iray  day  

I^Iaty  samlstoiie  . . . 

Covered  

( 'arboiiaeeoiis  shale 

('aiiiud  sliale  

Dai-k  ji'ray  shale  . . . 

Lower  Ere(*port  coal 
Cray  sliale 

On  the  opposite  side  of  the  run  the  ca.nnel  shale 
measures  2 feet  10  inches.  Along  the  steep  Idull' 
on  the  <‘ast  side  of  Bntfalo  Creek,  just  north  of 
Freeport,  the  interval  In^tween  the  U]ip(*r  Free- 
port coal  and  the  cairnel  shale  is  G4  feet.  The 
cannel  shade  at  this  imint  is  ?,  feet  thick. 

Sample  No.  21)  was  obtained  from  the  dump  of 
the  old  Aladdin  Company's  mine  at  Aladdin.  It 
showed  a yield  of  oil  at  the  rate  of  35.4  gallon.s 
per  ton.  Sample  30  came  from  the  outcrop  at 
Scheuley  described  above  and  was  deeply  \veather- 
ed.  It  gave  23.9  gallons  per  ton.  Sample  No. 
31  was  procured  from  the  dump  of  the  old  North 
American  Company’s  mine,  one-half  mile  south- 
('ast  of  Sciienley  along  the  north  bank  of  Kiski- 
minitas  Kiver.  It  jirodnced  at  the  rate  of  34.5 
gallons  of  oil  per  ton.  The  other  three  samples 
were  taken  on  the  south  sides  of  the  Allegheny 
and  Kiskiininitas  Rivers  in  AVestmorelaind  Conn 
ty.  Sample  No.  102  came  from  the  outcrop  de- 
scribed above  which  occurs  along  the  small  run 
flowing  northward  into  Kiskiininitas  River,  tln-ee- 
fourthsi  of  a mile  southeast  of  Kiskiininitas  Junc- 
tion. It  gave  37.7  gallons  of  oil  per  ton.  Sample 
No.  103  came  from  the  opposite  side  of  this  same 
run  and  yielded  38.5  gallons.  Sample  No.  104  Avas 
obtained  from  the  dump  of  the  old  Lucesco  Com- 
pany's mine  along  Lucesco  Hollow,  one-half  mile 
south  of  Kiskiininitas  Junction.  It  produced  at 
the  rate  of  30.3  gallons  per  ton. 

Approximately  2.15  square  miles  in  the  vicinity 
of  Kiskiininitas  .Tunction  are  underlain  by  tln^ 


Ft. 


in. 


1-30 


o 

o 

7 

o 


9 
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cannel  shale  deposit  described  above.  In  thick- 
ness the  shale  probably  averages  from  2j.^  to  3 
feet  over  this  entire  area  so  that  thei-e  Avere  pre- 
sent originally  in  the  mdghboihood  of  7 to  8 
million  tons  of  cannel  shale.  Alining  operations 
in  the  past  apparently  have  been  contined  entire 
ly  to  that  portion  lying  east  of  Allegheny  River, 
so  that  nearly  50  pei-  cent  of  the  area  still  repri'- 
sents  virgin  ground. 

The  Uiiper  Free])ort  coal  has  the  folloAx  ing  di'- 
velopment  in  the  Pine  Run  i’oal  Company’s  No. 
10  mine,  1^  mines  south  of  Ncaa^  Rethleheni  at  tin* 
head  of  the  small  run  entering  Red  Bank  Creek 
from  the  south  just  beloAv  the  tOAvn: — 

Section  of  I pper  Freeport  coal  aonlh  of  Nen- 
Bethleheni. 

Ft.  In. 

Shale  roof 

Cannel  shale  0 

Bony  coal  1 U j 

Bituminous  coal  3 0 

( 'lay  floor 

Sample  No.  32  of  the  bituminous  coal  produced 
at  the  rate  of  25.8  gallons  of  loAv-temperature 
tar  per  ton.  Sample  33  of  the  cannel  shale  sravi*  a 
yield  of  18.3  gallons  of  oil  per  ton. 


Beaver  County. 

Tin*  geological  age  of  the  formations  appear- 
ing at  the  surtace  in  Beaver  county  ranges  from 
Pott.sville  to  Monongahela.  The  loAA'est  strata, 
the  Pottsville,  appear  only  along  Beaver  River 
and  its  tributaries  in  the  northern  jiart  of  the 
county,  Avhile  a few  small  remnants  of  the  Alonon- 
gahela  formation  appear  on  the  tops  of  the 
hills  in  the  southern  part.  Over  most  of  Bea\er 
county  the  outcro]q>ing  formations  belong  to  the 
Allegheny  and  Conemaugh  series. 

The  coals  of  B(*aA'er  County  range  tTom  50  to 
01  in  tixed-carlion  percentages,  computed  on  a 
pure  coal  basis.  They  are  of  bituminous  rank', 
belonging  to  the  Belmontite  and  Pittsite  ty]ies 
of  Ashley's  classification. 
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Sjiiiiplcts  troiii  the  J^ower  and  Upper  Kittaiiniiu;, 
U])1HJ'  Freeport,  Mahoning,  Brush  Creek,  ami 
F.akerstown  liori/oiis  were  tested  in  the  lahora- 
tory. 

TIi(‘  Lower  Kittanning  coal  was  examined  in 
tlu>  eountiw  bank  of  tVilliam  Fairweather,  at  In- 
duviry.  where  theia*  is  d feet  2 inches  of  co.al  l)c- 
tween  a dark  gray  sliale  roof,  and  flooin  Sample 
of  th(*  bituminous  coal  gave  a yield  of  low- 
t(uni)erature  tar  at  tlie  rate  of  24. 11  gallons  iH>r 
ton. 

In  the  northwest  corner  of  Beaver  County  is 
locat(‘d  the  famous  Cannelton  bed  of  cannel  coal. 
This  de])osit  ap]H‘ars  to  occupy  an  old  chanmd 
wliich  had  the  shape  of  a huge  ox  ltow  ( lig.  !>!. 


FIGURE  t).  Map  showing  extent  of  Upi>er  Kittaiining 
•cannel  coal  deposit  at  Cannolton,  Reaver  Connt.v.  Pa. 

4’he  channel  has  a total  length  of  nearly  3V^  miles 
and  a width  of  only  600  feet.  It  occurs  at  the 
Up])er  Kitta.nning  horizon.  Tlte  writer  measured 
Ihe  following  s(H‘tion  along  the  run  and  adjoin- 
ing hills  noith  of  ('anneltOfu: — 


t<cctiojt-  at  Cuniicitoii. 

Ft.  In 

Maluming  coal  

2 8 

Clay  

2 

Ce)ve*i'cd  

'Shah*  reeeef 

38 

ri»pe*r 

Ceeal  

4 

Freei)ort  < 

Clav  

1 V. 

coal 

(leal  

Shale  floor 

2 

Covered  

U]>per  Kittanning  Can- 

1 14 

nel  bed  

tl 

Covereel  

50 

Leewer  Kittanning  e-oal 

1 

Fire  clav  

6 

The  existence  of  tin*  Caumdton  deposit,  accord- 
ing to  I.  F.  Mansiield,  was  known  to  the  Indians 
at  least  as  early  as  1750.  and  from  them  the  white 
men  lirst  heard  of  it.  Mining  on  a small  scale 
was  commenced  early  in  the  last  century  but  it 
was  not  until  about  1855,  when  the  cannel  coal 
•and  the  richei'  ])oi'tio,ns  of  the  cannel  shale  associ- 
ated with  it  commenced  to  be  sought  for  the 
manufaetun'  of  oil.  that  extensive  operations 
were  undertaken.  From  Hint  time  mining  was 
carrh'd  on  practically  continuously  until  about 
1000  when  llie  thicker  ])or1ions  of  the  deposit 
were  nearly  exhausted. 

During  1018,  the  IVistai-  ('oal  Corporation  of 
Buffalo,  New  York  was  doing  a little  development 
work  on  the  east  side  of  the  run  north  of  Cannel- 
ton. During  the  ])re\ious  oj)erati(’ins,  only  the 
thicken'  portions  of  the  channel  were  mined  and 
no  systematic  attempt  wa.s  made  to  extract  the 
jullar  coal.  The  Wistar  Coal  Corporation,  there- 
fore*. was  driving  twee  drifts,  odie  on  the  northwest 
ami  the*  eithe*r  em  the  southe*;ist  side*  of  the  chan- 
nel, which  has  a north  easterly  trend  at  this  place, 
in  order  to  determine  how  much  coal  was  still 
available  along  the*  sides  of  the*  e haiTim*!  ami  how 
much  of  the  pilhir  eeeal  left  eluring  ]>revie)us  oper- 
ations coulel  be*  T'e*e'e)\  e*re*el.  Ane)the*r  company,  the 
Beaver  Camiel  Coal  Conpeany,  was  eepen-ating  a 
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sinall  luiiu'  :i1  Die  (‘Xtreiiu*  iinrtli\V(‘st  (mkI  of  llie 
chaimel.  naav  East  I’alostiiie.  In  1921,  the  l*ara- 
gon  Coal  and  Coke  Company,  the  successor  of  the 
Wistar  Coal  Corporation,  was  taking  out  a sinall 
(piantity  of  caniu'l  and  bitumiinous  coal  from  the 
latter  company's  north  drift.  I’late  N A shows 
the  month  of  this  drift,  and  B the  company's 
ti]>ple. 

According  to  White,^  who  visited  the  locality 
in  187(i.  and  1.  E.  Mansfield,  who  formerly  mined 
the  deposit  on  an  extensive  scale,  tin'  cannel  coal 
was  12  feel  Ihiek  along  the  middle  of  the  ehannel. 
although  in  mosi  places  it  did  not  exceed  i feet. 
A good  thickiH'ss  was  maintained  foi-  a width  of 
about  290  feet,  on  either  side  of  which  the  coal 
thinned  raiiidly.  Tin*  channel  has  a maximum 
width  of  about  900  f(*et.  Overlying  the  cannel 
I'oal  along  tin*  middle  ('f  the  channel  there  are  as 
much  as  six  fi'et  of  cannel  shale.  This  also  thins 
comparatively  ra]>idlv  on  eithei-  side,  but  ]iro 
bably  extends  ovi'r  a gi'i'ati'r  width  than  tin*  can 
nel  coal.  Underlying  the  cannel  coal  is  a thin 
bench  of  bituminous  coal.  A little  bitnminons 
coal  also  occurs  interbedded  with  the  cannel  in 
places.  At  the  extreme  northwest  and  southwest 
ends  of  the  channel,  the  cannel  coal  and  shale 
disappear  en.tirely  ;ind  only  bitnminons  coal  re- 
mains. 

Eignre  10  shows  the  [losition  of  the  openings 
made  by  the  tVistar  ('oal  Corporation  in  1918 
with  res])ect  to  the  cannel  coal  channel.  These 
ari'  Oiii  the  i*ast  si<le  of  the  sniiall  run  jnst  north 
of  Cannelton.  In  1921,  the  Paragon  Coal  and 
t'oke  Company  was  taking  out  a small  tonnage  of 
cannel  coal  from  the  north  drift  which  had  been 
extended  to  a distance  of  about  1200  feet  fi-om 
the  mouth.  Figure  10  also  gives  four  sections 
of  the  coal  bed. 

At  the  extreme  northwestern  end  of  the  deposit, 
near  East  Pa  lest  im*,  Ohio,  at  the  face  of  the 
Beaver  ('annel  Coal  Company’s  main  entiw,  as 
developed  in  1918,  there  was  2 feet  8i/o  inches  of 
bitnminons  coal  between  roof  and  floor  of  dark- 
gray  sandy  shale. 
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FIGURE  10.  Sketch  map  of  Wistar  Coal  Cmrpora- 
rion’s  drifts  at  Cannelton,  Pa.,  as  developed  in  lOlR.  and 
several  sections  of  the  cannel  coal. 


Sample  No.  35,  representing  tin*  In'iich  of  can 
nel  coal  encountered  in  section  4.  (tig.  10),  gave 
a.  yield  at  the  rate  of  54.9  gallons  of  oil  per  ton. 
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Sample  -No.  30,  representing  the  cannel  shale 
shown  in  section  1,  gave  a yield  of  44  gallons  of 
oil  per  ton.  Sample  No.  37,  representing  the 
middle  two  benches  of  bitniiidnons  coal  of  section 
2.  produced  at  the  rate  of  34..S  gallons  of  low- 
Temperatnre  tar  per  ton.  Sample  Nos.  38  and  39, 
two  samples  taken  at  different  times,  of  the  lower 
bench  of  cannel  coal  shown  in  section  2,  gave 
yields  of  47.3  and  49.4  gallons  of  oil  per  ton,  re- 
spectively. Sample  No.  40,  of  the  cannel  shale 
from  the  same  section,  produced  at  the  rate  of 
31.7  gallons  of  oil  per  ton;  while  sample  No.  41 
of  the  upper  3 feet  of  cannel  shale  shown  in  sec- 
tion 3,  gave  a yield  of  only  15  gallons  per  ton. 

The  cannel  coal  and  shale  of  this  deposit  yield 
a relatively  high  percentage  of  oil  and  they  were, 
therefore,  very  much  sought  after  in  the  days 
when  the  “coal  oil’’  industrv"  flourished  in  the 
United  States. 

The  writer  estimates  that  a maximum  of  about 
2 million  tons  of  cannel  coal  was  originally  pres- 
ent in  the  Cannelton  deposit  and  perhaps  an 
equal  tonnage  of  cannel  sliale.  On  accoant  of  the 
wasteful  methods  of  mining  employed  in  the  early 
days,  probably  not  more  than  one-half  of  the  coal 
■was  extracted.  The  rest  remains  underground 
along  the  margins  of  the  channel  and  in  the  pil- 
lars which  were  left  behind.  Most  of  the  cannel 
shale  also  remains  as  only  small  portions  of  the 
very  richest  shale  were  extracted  during  the  for- 
mer operations.  On  account  of  the  poor  condi- 
tion of  the  underground  workings  of  the  old 
mines,  however,  it  is  extremely  doubtful  whether 
in  the  future  it  will  be  possibly  to  extract  profit- 
ably any  very  great  percentage  of  the  cannel  coal 
and  shale  still  remaining. 

In  Daugherty  Township,  near  the  head  of  the 
small  run  emptying  into  Beaver  River  opposite 
Beaver  Falls,  a bony  coal  occui's  at  what  is  pro- 
bably the  Upper  Kittanning  horizon.  The  fol- 
lowing section  was  obtained  along  this  run. 

Section  near  Beaver  Falls. 


8 hale 
Interval 
Gray  shale 


27 


Coal — 
probably 
Upper 
Kittanning 


Oai'bonaceous  shale  . . 

Bituminous  coal  .... 

Boue  

Bony  coal  

Bone  

Bony  coal  

Bituminous  coal  .... 


C. 

8 

10 


Sandy  shale 

Interval  77 

Lower  Kittanning  coal  1 11 

Fire,  clay 

Interval  99 

Clarion  coal  1 3 

Fire  clay 

Sample  No.  42  of  the  Upper  Kittanning  coal,  in- 
cluding the  bone,  from  this  locality,  gave  a yield 
at  the  rate  of  29.5  gallons  of  oil  per  ton. 

One-half  mile  north  of  Oannelton,  in  Darling- 
ton Township,  the  Upper  Freeport  coal  shows  the 
following  development  in  the  Keystone  Drilling 
Company’s  mine; — 

Section  of  Upper  Freeport  coal  north  of  Can- 
nelton. 

Ft.  In. 

Shale  roof 

Bituminous  coal  4 

Clay  11/; 

Bituminous  coal  2 

Shale  floor 

Sample  No.  43  of  the  bitumiuoiis  coal  produced 
at  the  rate  of  23.2  gallons  of  low- temperature 
tar. 

One-half  mile  west  of  Cannelton,  the  same  l>ed 
has  the  following  thickness  in  the  Pittsbui’gh  Can- 
nelton Coal  Company’s  mine: — 

Section  of  Upper  Freeport  coal  west  of  Can- 
nelton. 


Coal— 

.Massive  sandstone 
^ Ft. 

In. 

Shale  roof 

Ft. 

In. 

]>robably 

Bituniiinous  coal  .... 

6 

Bituminous  coal  

1 

11/2 

Lower  Ftee-^ 

Bone  

2 

Carbonaceous  shale 

Vo 

|)ort 

Bituminous  coal  .... 

n 

Bituminous  coal 

1 

IV, 

BEAVER  COUNTY  COAL 


Ciu'bouaceous  shale 


Bituminous  coal  3'/o 

Shale  1 Vl> 

Bituminous  coal  3 

Clay  floor  1 S 

Limestone  1 S 


Sample  No.  4-1  of  the  bituminous  coal  gave  a 
yield  at  the  rate  of  24.1  gallons  of  low-tempera 
ture  tar. 

One  and  one-half  miles  northwest  of  Cannelton, 
in  Darlington  Township,  the  Mahoning  coal, 
which  lies  38  feet  above  the  Upper  Freeport  in 
this  locality,  is  2 feet  S inches  thick  in  the  Union 
Clay  and  Coal  Company’s  mine. 

Sample  No.  45  of  this  coal  produced  at  the 
rate  of  27.5  gallons  of  low-temperature  tar  per 
ton. 

In  northern  Daugherty  and  southern  North 
Sewickley  townships,  a cannel  shale  is  frequent- 
ly found  associated  with  the  Brush  Creek  coal. 
In  a country  bank  on  the  farm  of  Elmer  E.  Plugli. 
two  and  one-half  mib's  northeast  of  New  Brighton 
in  northern  Danglierty  Township,  this  bed  has 
the  follorring  development: — 

SeGtio)t  of  B)'u.sh  Creek  Tted  'ni  Daufihertii  tnu»)- 


fihlp. 

Ft.  In. 

Lri  ay  shale 

('arbonaceous  shale  1 1) 

Cannel  shale  1 8 

Bituminous  coal  1 2 

Shale  . . Vc, 

Bituminous  coal  t> 

Clay 


Sample  No.  -16  of  the  cannel  shale  was  obtained 
about  TOO  feet  from  the  mouth  of  the  drift.  It 
gave  a yield  at  the  rate  of  23.8  gallons  of  oil  per 
ton.  Sample  No.  47  of  the  carbonaceous  shale 
was  obtained  at  the  nionth  of  the  drift  and  hence 
was  considerably  weathered.  It  showed  onlv  5.1 
gallons  of  oil  per  ton. 

In  southern  North  Sewickley  Township,  in  a 


country  bank  on  the  farm  of  Samuel  Longnecker, 
three  and  three-fourths  miles  northeast  of  New 
Brighton,  the  following  section  shows: — 


Section  of  Brufth  Creek  hed  i)i  Xorth  S<  irick 
ley  toivnship. 

Ft.  In. 

('arbonaceous  shale 


Cannel  shale 2 

Bituminous  coal  1 

t'lay 


Sample  No.  48  of  the  cannel  shale  yielded  at  the 
rate  of  22  gallons  of  oil  per  ton. 

The  Longnecker  farm  is  joined  by  the  old  ( ira- 
ham  estate  on  the  north  on  which  the  Brush  Creek 
coal  was  opened  at  one  time,  and  for  v hich  AVhite^ 
gives  tlu‘  following  section: — 


Brush  Creek 
coal 


f Carbonaceous  shale  . 1 ft. 


s'  Cannel  shale  4 ft. 

Bituminous  coal  ....  1 ft. 


It  lies  75  feet  above  tlu-  Freeport  coal  in  this 
vicinity. 


In  (Tiecme  Township,  one  mile  east  of  George- 
town along  the  steep  south  bank  of  Ohio  River, 
a cannel  coal,  probably  belonging  to  the  Bakers- 
town  horizon,  was  at  one  time  mined  by  J.  R. 
Peters.  It  lies  100  fe(d  Itelow  the  Ames  limestone 
The  old  workings  wiu’e  inaccessible  at  the  time 
of  the  writer’s  visit  to  the  locality  in  1920,  so  that 
no  data  could  be  obtained  in  regard  to  it. 
StevensoiU  described  it  as  a bed  6 feet  thick, 
with  the  upper  half  high  in  ash.  It  is  undoubtedly 
purely  a local  develojuuent  extending  over  only 
a small  area.  Less  than  one  mPe  west  of  thi< 
locality,  along  the  Georgetown-Ilookstown  road. 
Oiuly  30  inches  of  carbonaceous  shale  are  present 
at  this  horizon.  Sample  No.  49  of  the  canned 
coal  was  obtained  from  the  dump  of  the  old 
Peter’s  mine.  It  yielded  at  the  rate  of  34.5  gal- 
lons of  oil  per  ton.  According  to  Stevenson,  some 
oil  w'as  manufactured  from  it  before  the  discovery 
of  petroletim  in  Pennsylvania. 


1.  Wliite,  I.  C.  op.  cit.  pp.  36  and  213. 

2.  Stevenson.  J.  ,J.  Report  of  progress  in  the  Oreene  and  Washington  districts  of  the  hitnminoiis  coal-fields  of 
Western  Pennsylvania.  Pennsylvania  Second  Oeol.  Survey.  Report  K.  p.  .348.  1876. 
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Blair  County. 

In  and  about  Altoona,  at  several  places  south- 
west of  that  town  for  a distance  of  twenty  miles 
and  along  the  Pennsylvania  Railroad  between 
Altoona  and  Biblwood,  a black  carbonaceous  shale 
from  75  to  SO  feet  thick  is  well  exposed.  This 
shale  occurs  at  the  base  of  the  Upper  Devonian 
and  has  l)een  named  the  Burket  shale  by  Butts^^ 
after  a suburb  of  that  name,  southwest  of  Altoona, 
where  a.  good  outcrop  occurs.  The  outcrop  follows 
along  the  base*  of  the  Allegheny  Front  and  the 
strata  dip  northwest. 

The  shale  is  very  lissile,  cleaving  readily  into 
thin  i)lates.  It  has  a black  "olor,  due  to  the  car- 
bonaceous matter  in  it.  Sample  No.  50  was  taken 
from  an  excavation  for  a house  foundation  in  the 
vicinity  of  East  Altoona.  The  material  was  con- 
siderably weatherc'd  and  yielded  no  oil  and  only 
a.  c(»mparatively  small  amount  of  gas.  Even 
under  cover,  however  the  yield  of  oil  would  prob- 
ably be  very  slight  if  any,  on  account  of  the  ex- 
cessive amount  of  metamorjdiism  which  the  strata 
in  this  vicinity  underwent  during  the  ]ieiaod  of 
-Vl»]ialachiau  folding  at  the  close  of  the  Permian. 

Butlei-  Pounty. 

The  strata  appearing  at  the  surface  in  Butler 
County  belong  to  the  Pottsville,  Allegheny,  and 
Conemaugh  formations.  The  beds  on  the  whole 
have  a gentle  dip  towards  the  south,  modified 
only  by  several  small  anticlines  and  synclines 
which  cross  the  county  from  northeast  to  south- 
west. 

The  co;ils  carry  55  to  6:!  per  cent  lixed-carbon, 
computed  on  a pure  coal  basis,  and  hence  belong 
to  the  Belmontite  and  Pittsite  types  of  Ashley, 
with  the  former  predominating. 

The  Brookville  coal  has  been  rather  extensively 
mined  in  northern  Butler  County  along  the  Hill- 
iard Branch  of  the  Bess(miei  and  Lake  Eri(“  Rail- 
road. In  the  lii'st  room  off  of  No.  2 main  entry 
in  the  Bessemer  mine  of  the  Butts  Cannel  Coal 
Coni]>any,  one-half  mile  northeast  of  Deegan  P. 
O.,  the  following  section  was  measured: — 


Section  of  Brookville  coal  near  Deegan. 

Ft.  In. 


Shale  roof 


Upper 

Bench 


Lower 

Bench 


[ Bituminous  coal  .... 

3 

1 Bony  coal 

11/2 

.1  Bituminous  coal  .... 

2 

1 Sulphur  band  

1/2 

Bituminous  coal  ....  1 

1 

4 

' Clay 

5 

Bituminous  coal  .... 

31^ 

j Sulphur  band  

■j  Bituminous  coal  .... 

iiyi 

Sulphur  lense  

V2 

Bituminous  ^oal  .... 

<>1/2 

Clay 


Sample  No.  51  of  the  bituminous  coal  from,  the 
lower  l)ench  yielded  at  the  rate  of  21.8  gallons 
of  low-temperature  tar  per  ton,  while  sample  No. 
52  representing  the  upper  bench  gave  23.5  gallons. 

A cannel  coal,  occurring  at  the  Upper  Kittan- 
ning horizon,  was  at  one  time  extensively  mined 
north  of  Deegan  in  eastern  Marion  a.nd  west- 
ern Venango  townships  by  the  Butts  Cannel 
Coal  Company.  It  lies  about  130  feet  above  the 
Vanport  limestone  horizon.  At  the  time  of  the 
writer’s  visit,  in  the  fall  of  1918,  the  mine  had 
already  been  abando.ned.  The  cannel  coal  is 
said  to  have  been  mined  from  underneath  an  area 
of  approximately  250  acres.  In  thickness  it 
ranged  from  16  to  30  inches.  Avith  from  three  to 
four  feet  of  cannel  shale  overlying  it  in  places. 
At  the  old  mine  mouth  14  inches  of  cannel  shale 
shoAv  above  the  cannel  coal,  oidy  the  upper  por- 
tion of  which  is  exposed.  Sample  No.  53  of  the 
cannel  coal  was  obtained  from  an  old  slack 
dump  of  the  Butts  Cannel  Coal  Company.  It 
yielded  at  the  rate  of  37.2  gallons  of  oil  per  ton. 
Sample  No.  54  of  the  cannel  shale  Avas  obtained 
by  breaking  off  small  pieces  at  random  from,  large 
lumps  on  a Avaste  dump  at  the  mouth  of  the 
mine.  It  showed  a yield  of  28.9  gallons. 

The  above  described  area  of  cannel  coal  under- 
lies the  top  of  the  hill  on  the  Avest  side  of  the 


1.  Butts,  (diaries.  Am.  Jour.  Sci..  A’ol.  XTA’I.  4th  series,  p.  524.  1918. 
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uoith  brandi  of  Si*atoii  Cirek  at  Decgaii.  Caii- 
uel  coal  also  occurs  near  the  tops  of  the  hills 
inmiediatelj'  to  the  south,  east,  and  northeast  of 
Deegan,  hut  outvrops  are  no\\iiei-e  exposed.  It 
has  been  encountered  in  old  prospect  drifts  and 
shafrs.  Tlie  area  thus  uiuhudain.  liowever,  ap- 
pears to  he  veiT  limited  and.  according  to  the 
best  evidence  (.'htainahle,  the  canuel  coal  nowhere 
exceeds  30  inches  in  thickness. 

Another  small  canuel  coal  de]>osit  very  sim- 
ilar to  the  aho\e,  also  at  the  Upper  Kittanniug 
horizon,  occurs  in  southern  Washington  Town- 
shi]>,  about  miles  southwest  of  North  Wash- 
ington. In  a small  country  laude,  operated  by 
ilu'  IMyron  (';im])hell  heirs,  the  following  section 
was  measeired  about  200  feed  fi-om  the  mouth  of 
the  drift. 

Section  of  Upper  Kitto iniiiifi  hed  near  North 
Washiiigto)i. 

Ft.  In 


Gray  shale 

Larbouacemus  shale  -1 

Gunnel  coal  3 0 

Carbonaceous  shale  4 

Clay 


01 

Sampb'  No.  d.'i  of  the  canmd  coal  aave  a yiebi  al 
the  rate  of  34.4  gallons  of  oil  per  ton.  and  sam)d(>- 
N'o.  .to  of  tiu'  carbonaceous  shale  overlying  it  gave* 
1 1 .N  gallons. 

In  Uaiker  Townshii).  along  a small  cre'ck  near 
the  Shak(d(W  School.  1 1/>  miles  southeast  of  Hrnin. 
the  Uppiu*  Ivittanuing  horizon  shows  l:;  inches  of 
canmd  shah*  (top  not  exposed  i oveudying  2 inches 
of  bitnminotis  coal.  The  lloor  is  sandy  shale. 
Sample  No.  57  of  the  canmd  shale  from  the  out- 
crop shoAved  a yield  of  27.3  gallons  of  oil  per  ton. 

.it  a number  ol  places  in  Nt'orth.  Brady.  <day, 
Franklin,  and  Genter  l(a\  nsliips.  in  central  Butler 
County,  canuel  coal  and  slia.le  a])pe:ir  at  a hoiizon 
probably  corresponding  to  the  Fp]H-r  Kitttinning 
coal,  although  IMills,^  in  connection  with  the  geo- 
logical survey  of  the  Butler  liUtidrtingle,  has  cor- 
related it  Avith  the  LoAver  Freepoid.  The  outcroiis 
of  the  canmd  co;il  and  shah*  horizon  ;ind  the  loc.al- 
ities  from  whitdi  samph*s  Avere  (tbtainod  are  shoA\  n 
in  ligure  11.  Although  catinel  coal  and  shale  are 
saittered  ov(*r  a considerable  tirea,  the  deposit  is 
by  no  metins  conlintious  over  till  of  it  ;ind  those 
portions  over  which,  it  is  of  workable  thickness  are 
probtdily  Aery  limited.  This  c;in  only  be  deter- 


1.  It.  S.  Bfol.  Survey,  Bull.  U41.  p.  315.  1917. 
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mined  by  furtliei-  ])rospecting,  preferably  witli  a 
(•or(‘  drill. 

A drill  record,  fimiislied  by  S.  d.  Taylor,  of 
Sli})])ery  Rock,  of  a bole  put  down  near  the  forks 
of  the  road  northwest  of  the  Mount  Union  (or 
Zion)  church,  in  Worth  Township,  shows  the 
position  of  the  cannel  coal  to  be  as  follows,  with 
respect  to  the  Middh'  Kittanning  coal  which  is  the 
bed  that  is  extensively  mined  in  this  district: — 

Section  near  Mount  Union  Church,  Worth 


Township. 

Ft. 

In. 

Soil  

11 

0 

Sandstone  

14 

0 

Shale  

7 

0 

Coal  

•> 

6 

Fire  clav  

1 

G 

Shale  

14 

0 

Coal  

1 

0 

Fire  cbn  

<) 

0 

Shale  

i;’. 

0 

SandstoiK'  

7S 

0 

Shale  

18 

6 

CaniK'l  coal  

• ) 

0 '1 

Bituminous  coal  . . 

• > 
• > 

7 Prol»al)ly  U])]K*r 

Fii(*  clav  

0 

^ Kittannine- 

Coal  

1 

0 j 

Fire  clav  

T) 

7 

Sandstone  

75 

0 

Shah'  

13 

0 

Coni  

rv 

• > 

^ 1 -Middle  Kitan- 

f ning 

Fire  clay 

About  1600  feet  north 

of  this  locality  in  the 

coirntry  baidv  of  G. 

W.  C 

ni'rii*.  only  om*  foot  of 

cannel  coal  appears 

overlying  U/G  f(*et  of  bitnmii 

nous  coal;  while  in 

1 two 

other  drill  holes,  OTie 

1200  feet  southeast 

of  the  first  and  the  other 

5400  feet  northwi'st. 

no  cannel  coal  whatever  was 

(‘ncount(‘red. 

As  im'asurable  outcrops  of  the  cannel  coal  and 

shah*  are  rai-e  and 

the 

prospect  drifts  are  in 

practi  -ally  eveu’y  case  inaccessible,  it  is  very  dif- 
ficult to  get  any  r(*liable  data  on  the  quantity 
of  cannel  coal  and  shale  present.  Tn  the  extreme 
southwest  corner  of  Clay  Township,  along  the 


Mercer  road,  the  following  section  is  exposed: — 
Section  of  coal  bed  in  Clay  Township. 

Ft.  In. 

Dark,  nearly'  black  carbonacamns  shale 


('annel  shale  1 9 

Gray  shale  2 4 

Bituminous  coal  1 3 


Bottom  not  exi>osed. 

A iiumber  of  years  ago,  a pros[)ect  opening 
was  made  in  a cannel  coal  at  this  horizon  on  the 
Jennings  C.  McCandless  farm  along  Swamp  Run 
in  Franklin  Township,  one  mile  west  of  Union- 
vilhc  The  drift  had  caved  and  hence  was  inac- 
cessible at  the  time  of  the  writer’s  visit  in  1920. 
McCandless  stated  that  the  cannel  shale  and  coal 
showed  the  following  thicknesses: — 

Section  fjj  coal  bed  near  Unimiville. 

Ft.  In. 


Lean  cannel  shale 3 0 

Rich  cannel  shale 2 0 

Cannel  coal  2 fi 

Clay  1 fi 

Bituminous  coal  8 


Sample  No.  58  of  the  cannel  coal  obtained  from 
the  dump  at  the  mouth  of  the  drift,  showed  a 
yield  at  the  rate  of  41.4  gallons  of  oil  per  ton. 
Sample  No.  59  of  the  cannel  shale,  also  taken 
from  the  dump,  gave  33.2  gallons. 

A mile  norihwest  of  the  above  locality,  along 
Swamp  Run,  at  the  mouth  of  another  old  and 
inaccessible  pi'ospect  di'ift  on  the  J.  M.  McBride 
farm,  13  feet  8 inches  of  badly  weathered  cannel 
shah'  are  ex])osed.  Sample  No.  GO  of  the  cannel 
shale  was  taken  fi'om  the  dump.  It  showed  a 
yield  of  20  gallons  of  oil  per  ton. 

Sample  No.  Gl  of  cannel  shale  was  obtained 
from  a dumip  at  a similar  prospect  drift  still 
farther  down  Swamp  Run  about  II/2  niiles  east 
of  Isle.  Fi’om  it  oil  was  obtained  at  the  rate 
of  20.7  gallons  per  ton. 

In  eastern  Worth  Township,  two  miles  north 
of  Nealey’s  the  cannel  coal  has  been  opened  in  a 
country  bank  on  tlie  form  of  G.  W.  Currie.  The 
following  section  was  measured  in  the  main  drift 
about  325  fei't  from  the  mouth:  - 


CENTER  COUNTY  COAL 


Ft.  111. 


Top  not  exposed 

OarlxMiaoeous  sliale  2 4 

Cannel  coal  1 0 

Bitnininons  coal  1 7 

Clav 


Sample  No.  62  of  tin*  cannel  coal  gave'  a yield 
at  the  rate  of  3?>  gallons  of  oil  ]»er  ton.  Sam]de 
No.  63  of  the  carlionaceons  shale  produced  at  tlie 
rate  of  14.8  gallons  per  ton. 

Sample  No.  64  nas  obtained  from  the  dump 
of  an  inaccessible  prospect  diaft  in  Clay  Town- 
ship, one  mile  northwest  of  Queen  Junction.  Tt 
gave  a yield  of  36.3  gallons  of  oil  per  ton. 

In  southwestern  Forward  Township,  along 
Breakneck  Creek,  a thin  layer  of  cannel  shale 
overlies  the  Upper  Freeport  coal  in  some  jdaces. 
In  a country  bank  with  a sandstone  roof  and 
clay  floor,  on  the  farm  of  John  .Marburger,  two 
miles  southeast  of  Evans  City,  4 inches  of  can- 
nel shale  lies  on  17  indies  of  bituminous  coal 
and  is  overlain  by  2 inches  of  carlionaceons  shale. 
Sample  No.  65  of  the  cannel  shale  gave  a yield 
at  the  rate  of  32.6  gallons  of  oil  per  ton. 

Center  County. 

Books  of  IVuinsylvanian  age  occur  only  in  the 
extreme  western  part  of  Center  Founty,  in  tliat 
portion  west  of  the  Allegheny  Front.  In  this 
area,  the  Pottsville,  Allegheny,  and  Conemaugh 
formations  are  represented.  The  coal  beols  are 
couflueil  to  the  Allegheny  formation. 

The  coals  have  fixed-carbon  percentages  rang- 
ing frtnn  75  to  77  when  computed  on  a pure  coal 
basis.  They  are  of  .semi-bituminous  rank,  belong- 
ing To  the  Sewidlite  type  of  Ashley.  Cannel 
coals  and  carbonaceous  shales  associated  with 
them  would  not  bc'  (expected  to  yield  a large 
quantity  of  oil  ]>er  ton  on  account  of  the  exces- 
sive metamorphism  that  the  strata  have  under- 
gone, which  has  driven  olf  much  of  the  volatile 
matter  originally  i>resent  in  these  materials. 
This  is  borne  out  by  tests  That  have  been  made 
on  sampl(‘s  sia  ured  from  the  area. 


About  one  miln  soutiiwcst  of  I’hilipsburg,  a 
canneloid  semi  bituminous  coal  was  Iming  min(‘(l 
by  tin*  5Ioshannou  Coal  Company  during  191 S in 
tludr  No.  11  mine.  It  occurs  in  what  is  locally 
known  as  the  ''B’'  bod,  which  '•orresj)onds  to  the 
horizon  of  the  Low'oi-  Kittanning  coal.  Sample 
No.  67.  representing  the  canmdoid  semi-bitumi- 
nous coal,  was  obtained  along  an  entry  off  the 
main  south  heading  aliout  2000  foet  from  its 
mouth.  It  gave  a yield  at  the  rate  of  only  9 gal- 
lons of  oil  per  ton.  The  following  section  was 
nu'asured  at  this  point:  - 

Section  cif  Lower  Kittanninf)  hed  near  Philips- 
hnrg. 


Semi-bituminous  coal  1 0 

Bony  coal  6 

S(‘mi-bituniiinous  coal  8 

Canmdoid  semi-bitttminous  coal  . . 3 5'/l> 

Bony  coal  8 

Clay  floor 


Sanqde  No.  66  of  the  semi-bittiminous  coal  was 
obtained  along  the  same  heading  about  110(1  feet 
farther  south,  where  the  following  section  was 
measured : — 


Ft.  In. 

Shale  roof 

Semi-bitumiuous  coal 10 

Carbonaceous  shale  with  streaks 

of  coal  7 

Semi-bituminous  coal 2 11 

Clay  floor 


The  s(mii-bituii!inous  coal  gave  a yield  of  10  gal- 
lons of  low-teiu])eratnr(‘  tar  per  ton. 

In  a distance  of  1,100  feet,  the  canneloid  .semi- 
bitumiuous  coal  gradually  thins  until  at  the  point 
wiier(‘  sanqde  No.  (it!  was  taken,  only  7 inches  of 
carbonaceous  shale  remain,  and  the  canneloid 
has  Ikhui  stq)idanted  by  ordinary  coal.  The  can- 
nebdd  coal  extends  northward  tow'aial  Philips- 
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hiirg,  hut  it  is  not  known  just  how  far.  It  was 
not  encouintorod  in  tlie  shaft  of  tlie  West  Penn 
Power  Company  at  the  nortlieast  end  of  the  town. 

Tlie  ^loshannon  Xo.  11  mine  was  visited  hy 
Asliley^  in  11)11.  At  that  time  it  was  beins  op- 
erated l>y  the  laila  Coal  Mining  Com]»any.  lie 
estimated  that  an  area  of  at  least  100  acres  was 
underlain  liv  al)ont  four  fed  of  the  canneloid  coal. 

Cl(*ai-ii(‘hl  ('ounty. 

Strata  of  Pennsylvanian  age  underlie  most 
of  Clearti(‘ld  County.  Only  in  a tew  places,  whiu-e 
sti'eaniis  cut  ao-oss  the  axes  of  the  ma.jor  anti- 
clines, are  the  ]Mississi])]»ian  formations,  e.xposed 
by  erosion.  Of  the  Pennsylvanian  sti-ata,  the 
Pottsville,  Allegheny,  and  ('onemaugli  s(uies  are 
r(‘]>resented. 

Til  coals  range  in  lixed-carlton  pm-centages, 
conpiuted  on  a pui-e  coal  basis.  f]*om  ()•')  in  the 
north w(‘Stern  part  of  the  county  to  7<S  in  the  south- 
eastei-n.  They  are  of  hitumiuons  and  semi-hituuii- 
noxis  ]-ank,  and  belong  to  the  Counellsiti*.  Sewel- 
lite,  and  Pocahontite  tyjies  of  Ashley,  with  the 
Sewellite  type  ]iredominating.  Cannel  coals  and 
shales,  yielding  large  amounts  of  oil  [xu-  ton,  there- 
foi-e,  probably  do  not  occur  within  tlu*  couiify. 
Tests  on  samiiles  obtained  ari^in  ac-onlance  with 
this  conclusion. 

A canneloid  siuni  bitnniinous  coal  has  b(*en 
mined  north  of  IVoodland  by  tlu'  Woodland  Can- 
nel Coal  Conpiany.  'I'he  Cannel  Crest  mine  of  tliis 
company  is  near  the  head  of  Buck  Kun,  a short 
tributai'y  of  tlu'  west  bi'aiiich  of  Susijuehanna 
Kiver.  In  101 S this  mine  had  a daily  output  of 
)ir>0  to  400  tons.  A.  B.  Lansberry  was  also  mining 
coal  from  this  bixl  on  adjoining  property  on  the 
west  side.  His  mine  is  at  the  head  of  Abes  Run, 
another  short  tributary  of  the  Sus(|uehanna.  In 
1018  the  ilaily  output  was  200  to  2.o0  tons. 

The  writiu/'s  visit  ti;  tli(>  localitv  was  too  brief 
to  idmitify  the  horizon  of  this  coal.  llr.  A.  E. 
Woolridge,  of  the  IVoodland  Cannel  Coal  Com- 
pany, who  has  givim  considerable  attention  to  this 


ipiestion,  has  come  to  the  conclusion  that  it  is  the 
“B”  seam  or  Lower  Kittanning. 

The  deposit  is  lenticular  with  the  long  axis 
trending  approximately  X.  15°  W.  Originally, 
the  basin  was  IVo  to  2 mih's  long  aiud  % to  1 mile 
wide.  About  one-lialf  of  the  deposit  has  been  re- 
iiiovimI  by  erosion. 

Samjde  Xo.  (IS  of  the  canneloid  semi-bitumi- 
mms  coal  was  takmi  in  room  23  off  of  the  fourth 
left  entry  of  the  Cannel  Crest  mim*.  The  lied 
is  4 feet  lOi/o  inches  thick  at  this  place.  Xear 
the  mouth  of  the  main  entry  it  showed  the  fol- 
lowing development: — 

Section  of  coni  bed  near  Woodland. 


Draw  slate*  8-10 

f'anneloid  shah*  2 

('anneliod  semi-bituminous  coal  ..  0 

('anneloid  shah*  10 

Clay  71*2 

Bituminous  coal  5 

Clay  41/2 

Sandstone 


The  canneloid  semi-bituminous  coal  gave  a yield 
at  the  rate  of  10.3  gallons  of  oil  per  ton. 

Another  bed  of  cannel  coal,  knowji  as  the  “Red 
Ash”,  to  distinguish  it  from  the  “White  Ash”, 
whidi  has  just  been  d(*scribed  was  at  one  time 
mined  just  north  of  AVoodlaud.  It  lies  strati- 
graphically  40  to  50  feet  above  the  latter,  and 
ther(*fore,  coiresponds  a])proximately  to  the  IMid- 
dle  Kittanning  hori/.Oin.  if  the  latter  is  Lower 
Ivittauning.  This  deposit  of  only  about  45  acres 
has  been  mined  out.  Sample  Xo.  09  consists  of 
wealbered  slack  from  this  bed,  obtaiiUed  from  an 
old  dum])  on  the  0^'erly  farm.  It  yielded  at  the 
rate  of  11.1  gallons  of  oil  per  Ion. 

S(*veral  small  de]iosits  of  canm*l  coal  occur 
southeast  of  Houtzdale,  near  the  junction  of 
Whiteside  Run  and  Moshannon  Creek.  During 
1918,  one  of  thesi*  was  being  worked  at  the  Steil- 
ing  Xo.  2 mine  on  the  north  side  of  Moshannon 
(T-e(*k,  just  behiw  the  mouth  of  Mdiiteside  Run. 
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This  bed  is  al)out  SO  fi-tO  above  what  is  called  the 
“H"  seam  or  Lower  Kittaimiiig  coal  in  this  dis- 
trict, and  therefore,  prol)alily  l>elongs  to  the  Upper 
Kittanning  horizon.  Another  bed  has  been  parti- 
ally nncover(‘d  :!2  feel  below  it  which  also  contains 
some  cannel  coal.  It  lias  not  been  opened  sufli- 
ciently  to  lie  measured.  One-half  mile  down  Mo- 
shanmm  Cret'k  on  the  same  side,  the  “1>'’  seam 
or  Lower  Kitta, lining  coal  is  lieing  worked  at  the 
Sterlina'  Xo.  1 mine.  bO  feet  above  the  latter  at 
this  placi*.  there  is  an  old  opening,  now  caved,  on 
a bed  which  also  contained  some  cannel  coal. 
This  apparently  is  also  below  the  lied  worked  at 
the  Sterling  Xo.  2 mine,  and  therefore,  corres- 
ponds to  the  middle  bed.  which  probalily  repre- 
sents the  Middle  Kittanning  horizon.  A mimber 
of  other  openings  along  the  side  of  the  hill  at 
this  horizon  disclose  only  bitnminons  coal. 

The  following  section  was  measured  alOiiig  the 
main  entry  of  the  Sterling  Xo.  2 mine: — 

Section  of  Upper  Kitfanninf/  (?)  hed  near 


Houfzdnle. 

Ft.  In. 

Carbonaceous  shale,  thickness  not  determimnl. 

Canneloid  shale -fM: 

Canneloid  semi-bitnmiiious  coal  . . d 1 

Semi-hitnminous  coal 1 b 

Shale 


Sample  Xo.  7t(  of  the  seini-bitnminous  coal  yielded 
low-temperaturc  tar  at  the  rate  of  lb. 4 gallons 
per  ton.  Sample  Xo.  71  of  the  canneloid  semi- 
bituminous  coal  gave  9.3  gallons  of  oil  per  ton 
Sam]de  Xo.  72  of  the  canneloid  shale  gave  4.5 
gallons,  and  sam]ile  Xn.  73  of  the  lower  portion 
of  the  carbonaceous  shale  gave  1.5  gallons. 

Cannel  coal  was  at  one  time  also  obtained  at 
the  Katherine  mine  of  A.  Stolz  OiU  the  west  side 
of  Moshannon  Crt'ek  just  al)Ove  the  mouth  of 
Whiteside  Run,  and  one-half  mile  farther  south- 
west on  the  same  side  of  the  creek  at  the  Keystone 
mine  of  Hurly,  Wilson,  and  Law.  Both  of  these 
mines  are  now  aliandoned.  They  were  not  visited 
by  the  writer,  but  descri]diou  t>f  the  deposits 
may  lie  found  in  U.  S.  (leological  Survey  bulletin 
959,  page  57. 

Sample  Xo.  74  of  semi-bituminous  coal  was  ob- 
tained from  the  T.-owau’  Freeport  bed,  also  locally 


know  11  as  tlu'  "I)"  or  .Moshannon  bed.  It  yield- 
ed at  tin*  rate  of  b..s  gallons  of  low-temperat  me 
tar.  The  sample  was  obiained  at  the  Hartley 
Xo.  1 mine  north  of  <Traham  Station.  The  folb;w- 
iim-  section  was  measured  in  the  mine  at  the 
point  whei'c  the  sample  was  taken;  - 

Ft.  In. 

Shale  roof 

Semi-bituminous  coal  3 3i^, 

Shale  Uo 

Semi-bituminous  coal  1 3-U 

Clay  floor. 

Fayette  < 'ounty. 

In  Fayette  County  horizons  from  the  < 'atskill 
sandstone  of  the  Devonian  to  the  (fretme  forma- 
tion of  tile  I’erniian  are  ex])Osed  at  the  surface. 
In  the  extreme  eastern  portion  of  the  county, 
coals  cont:iining  tixed-carbon  percentagt's  as  high 
as  72.  coiniuited  on  a pun*  coal  basis,  .are  i»resent ; 
while  in  tin*  western  part  of  the  county,  some  run 
as  low  as  59.  The  coals  b<‘loug  to  the  Bittsite. 
Connellsite.  and  Sewellite  types  of  Ashley,  with 
the  Connellsite  type  predominating,  rarlionace- 
ons  shales,  suft'ciently  ricli  in  volatih*  matter  to 
be  considerml  as  possible  sources  of  oil.  theretori*. 
are  moi-e  apt  to  be  found  in  the  u i‘st(‘rn  than  in 
the  eastern  ]iart  of  the  county. 

Onlv  one  samjtle.  a cannel  shale  from  the  Red- 
stone horizon,  from  the  vicinity  of  Xew  Geneva 
was  tested  during  the  jiresent  investigation.  This 
occurrence  will  be  referred  to  again  under  the  de- 
scription of  that  bed  in  Greene  (.’ounty. 

(freene  County. 

The  strata  exposed  at  the  surface  in  Greene 
County  belong  to  the  Pennsylvaiiiian  and  Permian 
series.  Formations  from  the  Coneniaugh  to  the 
Greene,  iimlusive.  are  repres(‘nted.  The  highest 
beds  of  the  latter  found  in  Pennsyhaida  occur  in 
this  county.  The  m-arly  hoi-izonlal  stniclure  is 
modifled  slightly  by  .a  number  of  anticlines  and 
synclines  which  cross  the  county  in  ihe  general 
northeast-southwest  direction.  Only  l1u*  ipiper- 
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iiiost.  iMU-tiou  of  the  Coneinaugli  api)eai*s  at  the 
surface.  It  aud  the  ^lonongahela  formation  crop 
only  along  ^lonongahela  River  and  its  major 
tributnries  in  tlie  eastern  part  of  the  couinty  and 
over  a small  area  along  the  Duukard  and  Enslow 
Forks  of  tt'luHding  Creek  in  the  extreme  north- 
western corner.  Over  most  of  the  county,  the 
Washington  and  Greene  formations  alone  appear 
at  the  surface. 

The  coals  of  the  county  have  fixed-carbon  per- 
centages ranging  from  50  to  63,  computed  on  a 
pure  coal  basis.  They  are  of  bituminous  rank, 
belonging  to  the  Belmontite  and  Pittsite  types 
of  Ashley,  with  the  latter  predominating.  Cannel 
coal  and  shale  deposits  discovered  within  the 
confines  of  the  county  deserve  attention  as  pos- 
sible sources  of  oil. 

IiU  flu*  vicinity  of  Greensboro,  in  southeastern 
Greene,  and  New  Geneva,  in  southwestern  Fay- 
ette County,  a cannel  shale  occurs  associated  with 
a thin  bed  of  bituminous  coal  at  what  is  probably 
the  Redstone  horizon.  The  bed  is  well  exposed 
along  the  road  from  Greensboro  to  Mapletown  at 
a point  about  cme-half  mile  northwest  of  the  town 
at  an  elevation  of  900  feet.  At  this  point  the 
following  section  was  measured: — 

Ncc/ioa  of  Rcdsfcme  hed  near  Greensboro. 

Ft.  In. 


Gray  shale 

Fissile  carbonaceous  siiale  3 <! 

Rituniiinous  coal  1 6 

Caunel  shale  4 0 

Gray  shale 


Tlu'  to])  of  fhe  R(‘(lstone  coal  at  this  place  lies 
40  fei't  abov(‘  tlie  to|)  of  the  Pittsburgh  bed. 

Sample  No.  70  of  the  cannel  shale  was  obtain- 
ed from  a small  opening  about  40  feet  long,  one- 
third  of  a mile  northeast  of  the  above  locality 
on  ih(‘  F.  R.  Gabler  fa  rim  The  following  section 
is  exposed: — - 

Ft.  In. 


Fissile  carbonaceous  shale  5 

Cannel  shale  0 3 


Cannel  shale  Bottom  not  ex])osed 

The  caiimd  shale  gave"  a yield  at  the  rate  of  20.6 
gallons  of  oil  ]>er  ton. 


Along  the  west  side  of  Monongahela  River  IV2 
miles  north  of  the  above  opening  at  the  Alicia 
Mine  No.  2,  the  cannel  shale  is  not  developed  in 
the  Redstone  bed.  The  following  section  is  ex- 
posed at  this  place: — 

Section  near  Greensboro. 

Ft.  In. 


Sandstone 

Fissile  shale  10 

Sewickley  coal  5 4 

Fissile  sandy  shale  ....  8 5 

Limestone 5 2 

Shale  with  calcareous 

concretions 1 

Light  gray  shale  3 

Carbonaceous  shale  ....  4 

Coal 5 

Limestone 0 4 

Fissile  gray  shale 20  10 

Fissile  dark  gray  shale  1 0 

Carbonaceous  shale  ....  2 2 

" Coal 1 

Carbonaceous  shale  ....  % 

Coal  11 

Redstone  s Carbonaceous  shale  ....  t/4 

Coal  8 

Carbonaceous  shale  .... 

. Coal  1 1 

Shale  2 

Limestone 13 

Shale 29  10 

Carboiuaceous  shale  ....  3 

Pittsburgh  coal 9 


The  Redstone  horizon  was  also  observed  at  two 
places  on  the  east  side  of  the  Monongahela  Valley 
in  Fayette  County,  opposite  Greensboro.  One  out- 
cro]^  occurs  in  a field  northeast  of  New  Geneva 
at  an  elevation  of  about  1,100  feet.  5 feet  6 inches 
of  cannel  shale  were  exposed  in  a,  prospect  cut 
from  which  about  three  feet  of  soil  had  been  re- 
moved. Neither  the  top  nor  the  botttom  of  the 
shale  is  exposed.  Sample  No.  75  was  obtained 
here.  It  gave  only  Ib.O  gallons  of  oil  per  ton. 
The  material  was  much  weathered,  which  pro- 
bably accounts  for  the  low  ;\deld  of  oil.  Two- 
fifths  of  a mile  south  of  this  opening,  at  about 
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tile  same  level,  the  following  section  can  be  seen 
along  the  roadeast  of  New  Cmieva: — 

Section  of  Jtedstone  near  New  Genieva. 


Goal  91/0 

Shale  1/0 

( 'oal  (1 

Shale  1/0 

Coal  4 

Bony  coal S 

Coal  16 


Hottoni  of  coal  not  exposed. 

The  writer  was  informed  that  Alexander  Evans 
and  Ellis  Stevenson  in  1859  -onsidered  mining 
the  Redstone  cannel  shale  on  tlie  Gabler  farm,  at 
that  time  the  Stevenson  farm,  at  Greensboro  for 
oil  distillation.  On  account  of  tlie  development 
of  the  petroleum  industry  shortly  afterwards, 
however,  the  project  was  abandoned. 

Erom  the  data  at  hand,  it  appears  that  the  de- 
velopment of  the  cannel  sliale  at  the  Redstone 
horizon  at  Greensboro  and  New  Geneva  is  a pure- 
ly local  one.  The  shale  does  not  extend  very  far 
either  north  or  south  of  Greensboro.  It  is  hard 
to  say  just  how  far  west  it  extends  as  this  hori- 
zon does  not  crop  out  again  in  that  direction. 

Sample  No.  77  was  obtained  at  the  mine  of 
S.  T.  Black,  west  of  Greensboro,  from  the  Sewick- 
ley,  or  what  is  locally  known  as  the  Mapleto^vn 
bed.  The  sample  was  taken  about  90  feet  from  the 
mouth  of  the  main  entry,  where  the  following 
section  was  measured: — 

Section  of  Sewiekley  bed  near  Greensboro. 

Ft.  In. 

Gray  shale 


Coal  2 51/0 

Shale 14 

Coal 2 


Gray  shale. 

A yield  at  the  rate  of  23.8  gallons  of  low-tempera- 
ture tar  per  ton  was  obtained  from  this  sample. 

Sample  No.  78  of  a carbonaceous  shale  was  ol> 
tained  from  the  Thiiontown  horizon  from  a 
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weathered  niitcro]*  along  a siikiII  run  emptying 
into  Mfinongahela  River  on(‘-fourth  of  a mile  be- 
low t^’hileley  Cre(*k,  in  Monongahela  Townshi]). 
The  following  section  was  exposed: — 

Section  of  liiiontoirn  Ind  near  month  o! 
Whiteleij  Greek. 

Ft.  In. 


Gray  shale 

( 'arbonac(*ous  sliale  1 

t'arbonaci'ous  sandy  sliale  11 

Gray  shale 2 

Coal  5i._> 

Gray  shale. 


A yield  at  the  rate  of  7.4  gallons  of  oil  per  ton 
was  obtained  from  the  saniiile. 

Sample  No.  79  of  liitnininoiis  coal  from  the 
Waynesburg  horizon,  was  obtained  in  the  .More- 
dock  mine  of  the  American  Steid  Comi>any.  Uh 
east  of  ^yaynesburg■.  Tin*  ^Va.yn(*sbnrg  b(*d  shows 
the  following  development  in  this  locality:- - 
Section  of  Waynesbaiy  bed  near  Waynesburg. 

Ft.  In. 


Sandstone 


Shale  . . . 
Coal  . . . 

( Tay  . . . 
Bony  coal 
(hial  ... 


2-10 
1 4Ch 

1 8 1/0 

6 

1 1 1 Vo 


Clay. 

A yield  at  tlie  rate  of  26.2  gallons  of  low-temjmra- 
ture  tar  per  ton  was  obtained  from  this  coal. 

Sani])les  Nos.  80  a.nd  81  rcpri^sent  carbonace- 
ous shales  occuiTing  below  and  above  the  Wash- 
ington coal  along  Furmans  Run  at  Waynesbuig. 
The  outcrop  from  which  they  were  obtained,  is 
only  iioorly  exposiMl.  Steveiiisoid  measured  the 
following  section  at  this  locality: — 


Section  at  Waynesburg. 

Ft.  In. 

Shale  with  (day  iron- 


stone nodules 7 6 

Limestone  3 0 

Sandstone  18  0 

Carbonaceous  shale  . . 3 0 


1.  Stevenson.  ,T.  J.  Report  of  progress  in  the  Greene  and  Washington  district  of  tlie  hituminons  coal  fields  of 
western  Pennsylvania,  Pennsylvania  Second  Geol.  Survey.  Report  K,  j).  149,  1870. 
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Washington 

l)od 


Ft. 

Limestone  3 

Shale  6 

Coal  

Clay  

(’oal  1 

Clay  and  sliale 2 

Sandy  shale  12 

Carhonaceons  shah*  . . 8 


In. 

0 

0 


8 


o 

3 


6 

0 

0 


Sample  No.  SO  eame  from  the  lower  hed  of 
carhonaca'ons  shale  and  No.  81  from  the  upper. 
The  samples  r(*present  only  a thic-kness  of  about 
seven  inches  of  the  least  weathered  material  in 
each  hed.  The  former  yicdded  at  the  rate  of  11.1 
gallons  of  oil  p(*r  ton  and  the  latter  at  the  rate 
of  2.9  gallons. 

In  AVashington  Township,  in  a ]»ros])(*ct  ojten- 
ing  on  the  east  side  of  P>oyd  Rnn.  two  miles 
above  its  month,  the  following  section  was  ob- 
tained at  the  Upper  AAhtshington  coal  horizon; — ■ 
SVcL'oa  of  Upper  Wasili i iif/fon  Tyed  on  Boifd  Run. 

Ft.  In. 

Shale  

Pony  coal  1 6 

Coal  2 1 

Cannel  shah*  11 

(bottom  not  exposed) 

Covered  4 7 

Upper  Washington  Limestone  . . 

Sample  No.  82  of  the  cannel  shale  pi’odnced  at 
the  rate  of  11.2  gallons  of  oil  per  ton. 

Indiana  County. 

The  strata  ap])caring  at  the  sni‘face  in  Indiana 
County  belong  to  the  Alississippian  and  TVnmsyl- 
vanian  series.  Of  the  latter,  the  formations 
from  the  Pottsville  to  the  Monongahela,  inclusive, 
ai'(*  i'(*]iresent(*d,  the  last  mentioned  being  confin- 
ed to  comparativ(*ly  small  areas  in  the  southwest- 
ern ])art  of  tin*  county. 

Tin*  coals  have*  fixed-carhon  percentages,  com- 
puted on  a ])ur(*  coal  basis,  ranging  from  63  in 
the  wt'stern  to  79  in  tin*  (*astern  part  of  the  coun- 


ty. They  are  of  bituminous  and  semi-bitumin- 
ous rank,  belonging  to  the  Pittsite,  Connellsite, 
Sewellite,  and  Pocahontite  types  of  Ashley,  with 
the  Connellsite  type  predominating.  Cannel  coals 
and  carljonaceous  shales  with  sufficient  volatile 
matter  to  be  of  value  as  possible  future  sources 
of  oil,  therefore,  can  be  expected  to  occur  only 
in  the  nortlnvestern  part  of  the  county. 

A deposit  of  cannel  coal  belonging  to  the  Upper 
Kittanning  horizon  occurs  at  the  head  of  Crooked 
Pun,  about  three  miles  sf)uth  of  Savan  Station 
on  the  Indiana  branch  of  the  P>uffalo,  Rochester, 
and  Pittsburgh  Railroad.  Cannel  coal  was  being 
mined  from  this  deposit  in  1918  by  the  Bicknell 
Brothers.  The  deposit  is  channel-like  in  form. 
At  the  mine  the  channel  has  a trend  of  N.  3tB/3° 
AA^  and  a width  of  about  400  fc(*t.  This  coal 
also  crops  southeast  of  this  locality  o,n  tin*  op- 
posite side  of  the  ridge  on  the  old  Ceorge  Barr 
farmi  near  De?kers  l*oint  where  it  was  formerly 
mined  on  a small  scale. 

The  entry  from  which  coal  was  being  taken  in 
1918  v.'as  along  the  northeast  side  of  the  channel. 
The  Moor  at  this  point  dips  rather  abruptly  to- 
wards the  middle  of  tin*  channel.  On  the  opposite 
side,  the  di])  is  said  to  be  somewhat  gentler.  The 
following  section  was  measured  a short  distance 
in  from  the  mouth  of  the  entry: — 

Beefion  of  Upper  Kittanniiifi  hed  S miles  south 
of  Bavan  Btafion. 

Ft.  Tn. 

Dark  giay  shale 

Cannel  shale  16 

('annel  coal  2 8 

Bit nminons  coal  1 1 

Shale 

Along  the  middle  of  the  cha.nnel,  as  much  as.  15 
feet  of  canm*l  coal  is  said  lo  have  been  encounter- 
ed in  places.  The  dei>osit  has  lieen  previously 
described  by  both  Platt  and  Ashley.^ 

Sam])b*  No.  83,  represi'iit ing  the  cannel  coal, 
gave  a yield  at  the  rate*  of  19.0  gallons  of  oil  per 
ton;  and  sam])h>  No.  84  of  the  cannel  shale,  gave 
5.3  gallons  ])cr  ton  I'lu*  canm*l  coal  has  a colum- 


1.  riatt,  W.  O.  Report  of  progre.ss  in  Imliann  ronnt.v.  I'emisvlvania  Second  Oeol.  Survey  Report  H-4,  pp.  228-2.31, 
1878. 

A.stile.v.  Oeoiui'  TT.  Cannel  coal  in  tlie  t'nited  States.  TT.  S.  Oeol.  Survey  Bull.  fi.aO.  p.  .o8,  1018. 
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liar  «lructiii(\  Miic]i  ol'  it  is  also  of  tlie  “eiirlv” 
varii'ty.  It  lias  lost  nnicli  of  its  \ olalile  matter 
through  metainorphism,  which  accounts  for  its 
relatively  low  yield  of  oil. 

Sample  Xo.  S.'  came  fi'oiii  a laym-  of  hone  in  the 
T'pper  Freejiort  coal,  as  developed  in  the  No.  2 
mine  of  the  Jefferson  and  ('leartield  Coal  and 
Iron  Company  at  Ernest.  It  produced  at  the  rate 
of  10.5  gallons  of  low-temperature  tar  per  ton. 
The  following  section  Avas  measured  in  room  13 
on  the  right  side  of  the  third  butt  heading  off 
from  the  third  entry  to  the  soutliAvest,  Avhere  the 
sample  was  taken  : — 

Section  of  U[j[)cr  Freeport  cool  at  Erneat. 

Ft.  In. 

Sandstone 

Coal  1 21/l. 

Sulphur  hand  % 

Coal  114 

Sulphur  hand  

Bone  (with  streaks  of  coal)  .... 

Coal  3 71/2 

Shale  1 

Coal  5 

Clay 

Near  the  head  of  a small  run  which  enters 
Cowansha.nnock  Cre(‘k  from  the  south  at  the 
Indiana-Armstroiig  County  lim*  in  South  IMahoTi- 
ing  ToAvn«liii).  east  of  Barnards  I’ost  Oflice,  a 
carbonac('ous  sliale  in  tin*  lowei’  portion  of  tlu‘ 
Conemaugh  formation  at  aj)[>i  oximately  the 
BakerstoAvn  horizon  is  very  j>oorly  Nt 

the  outcrop  it  ajipeai's  as  a \'ciy  lissile  c<arhon- 
aceous  shale  having  a canncllike  ajijx  arance.  Thin 
laminae  of  coal  may  he  seen  in  it.  At  the  locality 
examined  Ki  feet  are  exposed,  resting  upon  sand- 
stone. A prosiKACt  di'ift  Avas  at  one  time  run  in 
on  it  hut  this  has  collapsed.  Samph'  No.  Sh  Avas 
obtained  by  breaking  o!f  small  pieces  from  some 
of  the  larger  blocks  lying  on  the  dump.  The  ma 
terial,  Avhich  Avas  in  a much  AAaaithered  condition, 
gaA’e  a yield  at  tin*  rate  of  oidy  0.3  gallons  of  oil 
per  ton. 

Plate  obtained  the  following  section  at  this 
locality; — 


Section  near  Barnards. 

Ft.  In. 


Limestone — liilltot* 

Concealed  75 

CarlH)naceous  shale  Ih 

Sandstone  J 

('lay  2 

('oal  thin  bed 

Shale  If 

Bed  shah‘  S 

SaiiKlstone  and  shah'  70 

Cray  shale 30 

('('uceah'd  50 

Coal  (Callitzini 1 0 

Sandstone  50 


('oal  (r]>pcr  Freeport). 

Jefferson  County. 

3'he  out ci'op]iing  consolidated  I'ocks  of  deffer- 
son  (.'ounty  are  of  IMississippian  and  Pennsyl- 
\anian  age.  3'!u'  latter  period  is  represented  by 
th(‘  PottSAille,  .Vllegheny,  and  Conemaugh  forma- 
tions. 3'he  coals  liaA'c  tixed-carlron  percentages, 
computed  on  a ])ure  coal  basis,  ranging  from  58 
to  Cm.  They  are  of  bituminous  rank,  and  belong 
chiefly  to  the  Pittsite  ty])C  of  Ashley,  although 
in  th(‘  sontheast('rn  poiOion  of  tlu*  county  some 
(''onnellsite  coals  are  also  ]»i-es(>nt. 

(July  one  sample  from  the  county,  namely  No. 
87,  representing  a ca.nnel  shale  from  the  roof  of 
the  LoAver  Free])ort  coal,  Avas  tested  during  the 
present  investigation.  It  Avas  obtained  in  room 
2 along  the  fifth  left  entry  olf  the  main  entry  in 
the  No.  8 or  Big  Ben  IMine  of  the  -Tetfi'rson  Coal 
Company,  at  Coal  Glen.  The  following  s(‘ction 
AA'as  measured  at  this  i>oint:-- 

Scction  of  Loioer  Freeport  i>ed  at  Coal  Glen. 


Ft.  In. 

Light  gray  sandy  shale 

Cannel  shale  -t 

Bi j uminons  coal  3 0 

Shah* 


3'he  cann**l  shah*  ])roduc(*d  at  the  rate*  of  2!t.(i  gal- 
lons of  oil  ])er  ton. 


1.  tv.  (!.  R<*])ort  of  i)ro>;re.ss  in  Armstroim'  C'onnt.v.  (“oiinsylvnnin  Spoond  Opol.  Siirvpy,  Rppoit  II.*>.  p.  00,  1S.S0. 
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Lawrence  ('ounty. 

Strata  belonging  to  the  I'ottsville,  Allegheny, 
and  lower  Conemaugh  I'orinations  appear  at  the 
sui’face  in  Lawrence  County.  A cannel  shale,  pro- 
bably belonging  to  the  Upjjer  Kittanning  horizon, 
crops  on  the  Thomas  M.  Ste^^■art  farm,  miles 
southeast  of  Monntair,  in  Little  Beaver  Town- 
ship. It  was  at  one  time  opened  by  a prospect 
drift  which  is  now  caved.  Sample  No.  88  of  the 
cannel  shale  was  obtained  from  the  dump  at  the 
site  of  the  old  opening.  It  yielded  at  the  rate 
of  37.4  gallons  of  oil  per  ton. 

•1.  B.  Stewart  informed  the  writer  that  the  fol- 
lowing section  was  exposed  in  the  drift: — 
Section  of  Upper  Kitianulng  (f)  ted  near 
Mount  air. 


Ft.  In. 


Sandstone 

Cannel  .shale  8 to  9 

Bituminous  coal  2 10 

Dark  shale. 


Luzerne  Co\mty. 

Sample  No.  89  represents  true  anthracite,  and 
No.  90,  a canueloid  anthracite  from  the  Hill- 
man bed.  taken  in  the  Stanton  No.  7 mine  of  the 
IxOiigh  and  Wilkes-Barre  Coal  Company,  at 
Wilkes-Barre  . The  bed  showed  the  following  sec- 
tion in  room  8 off  of  the  number  6 slope,  Avhere 
tlie  samples  were  taken:  - 

HeetiO'n  of  Hillman  hod  at  Wilkes-Barre. 

Ft.  In. 


Clay 

Shale  with  streaks  of  co.al 2 

Bony  anthracite  1 

Bone  

Anthracite  

Bone  

Anthracite  

Bone  

Anthracite  

Bone 

Anthracite  

Itone 

Anthra.cite  

Canneloid  anilnacile  

Anthracite  1 

Clay. 


0 

4 

W2 

4 

IV2 

b 

1 

10 

1 

514 

1 

'i’^4 

41/2 

9 


Carbonization  tests  on  these  samples  indicate  that 
devolitilization  of  the  coal  through  metamorphism 
has  reached  a point  where  the  coal  will  no  long- 
er yield  any  oil  or  tar.  Only  fixed  gases  are  given 
off. 


Lycoiuiing  County. 

A number  of  small  outliers  of  Pennsylvanian 
strata,  containing  coal,  occur  in  the  northern  por- 
tion of  Lycoming  County.  Sample  No.  91  was  ob- 
tained from  the  lower  bench  of  the  “B”  bed  in  the 
mine  of  the  Ralston  Coal  Company,  at  Ralston. 
It  is  a semi-bitnminons  coal  which  produced  at 
the  rate  of  only  1.9  gallons  of  low-temperature  tar 
per  ton.  ‘ The  bed  has  the  following  development 
at  the  mine: — 

Section  of  B ted  at  Ralston. 

Ft.  In. 

Sandstone 

Semi-bituminous  coal  2 1 

Shale  3 3 

Semi-bituminous  coal  2 2 

Clay 

The  strata  of  Lycoming  county  have  undergone 
too  much  mtetamorphism  to  have  associated  with 
them  coals  or  carbonaceous  shales  that  contain 
sufficient  quantities  of  volatile  matter  to  be  of 
value  as  ]H)ssible  future  sources  of  oil. 

Mercer  County. 

The  outcropping  stratified  rocks  of  Mercer 
County  are  of  Mississippian  and  Pennsylvanian 
age.  Of  the  latter,  only  the  Pottsville  and  Alle- 
gheny formations  remain.  The  strata  lie  almost 
liorizontal  with  only  a very  slight  dip  towards  the 
south.  No  well  defined  anticlines  or  synclines  tra- 
verse the  county  although  numerous  local  rolls 
are  present. 

The  coals  have  fixed-carbon  percentages,  com 
puted  on  a pui‘e  coal  basis,  ranging  from  56  to 
61.  They  are  of  bituminous  rank,  belonging  to 
the  Belmontite  and  Pittsite  types,  with  the  former 
probably  predominating. 

On  the  southeast  side  of  Neshannoc-k  Creek,  in 
Springfield  Township,  p2  mile  northeast  of  Lees- 
burg Station,  a cannel  shale  occurs  at  what 
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■\Vhite^  lias  ideiititied  as  tlie  Sliarou  coal  horizon. 
It  has  been  opened  by  a prospect  drift,  which, 
however,  \\as  inaccessible  at  the  time  of  the 
writer's  visit  in  1920.  E.  S.  Rudolph,  of  Lees- 
burg Station,  furnished  the  following  section; — 
Section  of  Sharon  coai  at  Leeshurg  Station. 

Ft.  in. 

Sandstone 

Hituminotis  coal  1 0 

Cannel  shale  8-10 

Bituminous  coal  1 0-8 

Clay 

Sample  Xo.  92  of  the  cannel  shale  was  obtained 
from,  large  lumps  thrown  out  on  the  dump.  It 
gave  a yield  at  the  rate  of  48.3  gallons  of  oil  per 
ton. 


Sample  Xo.  93  of  bituminous  coal  from  the 
Brookville  bed  was  obtained  in  the  Diamond  Xo. 
3 mine  of  the  Scotch  Hills  Coal  Company,  two 
miles  east  of  Grove  City.  In  the  17th  room  on 
the  left  side  of  the  13th  right  entry  of  the  miiu' 
at  the  place  where  tlie  sample  was  taken,  the  fol- 
lowing section  was  measured; — 

Section  of  Brookrille  hed  near  Grove  City. 

Ft.  In. 

Sandstone 


Shale  0-4 

Coal  1 

Bone  

Coal  1 

Sulphur  band  

Coal  

Sulphur  lense  

Coal  1 


4/2 

1 

1 

2 

14 

5 


Clay 

The  bituminous  coal  produced  at  the  rate  of  24.0 
gallons  of  low-temperature  tar  per  ton. 


Sullivan  County. 

There  are  a numbfu*  of  small  outliers  of  Penn 
sylvanian  rocks  cmitaining  coal  in  the  central 
portion  of  Sullivan  Foiinty.  the  most  important 
of  whiGi  is  the  one  around  Bernice  and  Lopez. 
The  coals  have  fixed-carbon  percentages,  computed 


on  a pure  coal  basis,  ranging  from  S9  to  9n.  Tliey 
are  of  semi-anthracite  rank.  Itelonging  to  the 
Bernicite  type  of  Ashley.  Xo  carbonaceous  shales 
rich  in  volatile  matter  could  be  expected  to  oc- 
cur associated  with  them. 

Sample  Xo.  94  of  semi-anthracite  was  ob- 
tained from  what  is  locally  known  as  the  Btumice 
or  "B’-  l>ed  in  the  ^lurray  mine  of  the  X'orlhein 
Anthracite  t'oal  rompany.  at  Lo)tez.  The  follow- 
ing section  was  measured  in  tlee  .Miller  heading 
on  the  tenth  pillar  from  the  main  entry — 
Section  of  Bernier  bed  at  Lopez. 

Ft.  In. 


Sandstone 

Shale  1 4 

Semi-ant hracit('  2 4 

Shale  3 

Semi-anthracite  3 .'sij 

Sandstone  or  shale  ( varies  1 


On  low-temiteratiire  carbonization,  the  coal  gave 
only  a trace  of  tar.  Light  oil  at  the  rate  of  one- 
tenth  gallon  per  ton  was  recovered  by  charcoal 
;i(lsoi-ption  fi*oin  the  gases  evolved. 

Tioga  County. 

A number  of  small  disconnected  areas  of  coal- 
bearing  Pennsylvanian  rocks  remain  as  erosion 
remnants  in  a belt  which  extends  in  a northeast- 
erly direction  across  the  southeastern  portion  of 
Tioga  County.  There  are  also  a number  of  other 
small  outliers  in  the  central  western  portion  of 
the  county.  The  coals  have  fixed-carbon  percent- 
ages, computed  on  a pure  coal  basis.  I'anging 
from  72  to  80.  They  are  chiefiy  of  semi-bitumimuis 
rank,  belonging  to  the  Sewellite  and  Pocahontite 
typ>es. 

The  most  imjiortant  area  is  between  Blossluirg 
and  Fall  Brook.  The  following  generalized  sec- 
tion of  the  coal-bearing  strata  of  this  locality 
was  furnished  the  writer  by  Theo.  A.  Schmidt, 
mining  engineer  with  the  Morris  Run  Coal  Min- 
ing Company; — 


1.  White.  I.  C.  The  geoloyy  of  Mercer  County,  Pennsylvania  Second  Oeol.  Survey  Rejicrt  Q3,  p.  8S,  1880. 
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Section  near  Blosshurg. 
Soil 

Sandstone 

Rock  l»ed  Coal  

Clay  

Sandstone  

( ’arhonac(*ons  shale  . 

j Bone  

I Coal  

Sandstone 

f Bom*  


SeA’inonr  bed 


Ft. 


3 

5 

34 

1 

o 

50  70 


IMoi-j'an  bed 


0 

0 

0 

0 

1(1 


0 


Coal  2 3 

Dark  gray  sandy  sliale. 

The  seinl-bitnnnnons  coal  t'ronii  tills  mine  gave 
a yield  at  the  rate  of  (i.2  gallons  of  low-tem- 
perature tar  per  ton. 

Samples  No.  00  and  07  are  from  tlie  Cannel 
bed,  taken  in  the  No.  15  drift  of  the  Morris 
Bnn  Coal  Coniiiany.  at  Morris  Knn.  The  bed 
shows  the  following  development  along  this 
drift: — 

Section  of  Cannel  bed  at  Morris  Run. 


t'anmd  lied 


One-foot  bed 


Coal  

O 

9 

Ft. 

In. 

Clav  

1 

4 

Sandstone 

rvci  1 

1 

0 

('arboiuac(*ous  sh 

ah*  

11 

Clav  

5 

0 

Semi-bituminous 

coal  

1 

8 

Shale  

1 

6 

('anneloid  shale 

1 

10 

Coal  

1 

6 

t'lav  

5 

Cannel  shale  . . . 

O 

6 

Senii-bituminous 

coal  

11>4 

Coal  

1 

O 

Shale 

Sandstone  

. . . 20 

Semi-bituminous 

coal  

3 

Coal  

1 

0 

Clay 

Sandy  shale 

Shale  

Bone 


Bloss  bed 


r 

J fUal 

1 Olay 

^ < 'oal 


t'lay  .... 
vSandstone 
Bear  Creek  bed'  Coal  .... 

Shale  . . . 
Sa  ndstone 


1 

II 

0 

4 

1 

« > 

7 

o 


0 

0 

0 

4 

(I 

o 

0 

II 

4 

0 


Sani]>l(‘  No.  05  i'e]>r(‘sen1  s tin*  coal  from  lie 

Bloss  bed,  obtained  at  the  mine  of  the  Bower 

('oal  ('onqiany.  at  Blossbnrg.  The  sample  was 
laken  in  the  lirst  left  entry,  275  yards  from 
1li(‘  inoulh  of  the  miiiie  where  the  bed  has  the 
following  section: — 

Section  of  Bloss  bed  at  Blossbnrg. 

Ft.  In. 

Sandy  shah* 

('oal  3 1/ 

Carbonaceons  shale  % 

Coal  1 i/o 

Bone \yn 


Sample  No.  96  represents  the  entire  liench  of  can- 
m*loid  shale.  It  yielded  at  the  rate  of  2.5  gallons 
of  oil  per  ton.  No.  97  represents  only  the  lower 
7 in.  of  eanneloid  shale.  It  produced  at  the  rate 
of  2.6  gallons  of  oil  per  ton. 

AVashington  County. 

in  tYdrshington  County  strata  of  Pennsylvanian 
and  I’ermian  age  appear  at  the  surface.  Forma- 
tions from  the  Conemangh  to  the  Greene,  inclu- 
sive, are  re])resented.  The  coals  have  fixed-carl»on 
])ercentages,  computed  on  a pure  coal  basis,  rang- 
ing from  55  to  65.  They  are  of  bituminous  rank. 
b(*longing  to  Ihe  Belmontite  a, ml  Pittsite  types. 
The  deposits  have  not  undergone  excessive  meta- 
n:ioi'i>hism  and  from  lhat  standpoint,  therefore, 
conditions  are  favorable  for  the  occurrence  of  can- 
nel coals  and  shales  sufficiently  high  in  volatile 
matter  to  be  considered  as  possible  future  sources 
of  oil.  Hence  wberever  such  deposits  are  found 
in  the  county  their  yield  of  oil  should  be  investi- 
gated. Thus  far  none  have  been  reported. 

Sample  No.  98  represents  a bituminous  coal 
from  the  Pittsburgh  bed  obtained  in  the  Arden 
No.  2 mine  of  the  Meadowland  Coal  r’oimpany. 


WASHINGTON  COUNTY  COAL 


li/^miles  northwest  of  Arden,  in  Chartiers  Town- 
ship. The  sample  was  taken  in  room  18  off  of 
the  Gth  right  entry  fi'om  the  IStli  face  entry 
wliere  the  coal  showed  the  following  develop- 
ment: 


Section  of  Pittsburgh  bed  near  Arden. 


Ft. 

In. 

Sandy  shale 
Coal  

O 

Shale 

Coal  

O 

4 

lOj^ 

V2 

Black  shale  

Coal  

Black  shale  

13/4 

1/2 

Coal  

Shale 

9 

73/4 

The  bituminous  coal 

vielded  at  the  rate 

of  20.5 

gallons  of  low-t(‘mp(*ratnre  far. 


Sample  No.  D!)  was  taken  from  the  main  bench 
of  the  Pittsbnrgli  bed  at  the  No.  2 mine  of  the 
Ellsworth  Colliei-ies  Company,  at  Ellsworth.  The 
following  composite  section  of  the  bed  was  mea- 
sured in  the  mine: — 

Section  of  Pittsburgh  bed  at  Ellsworth. 


Hoof  coal 
(not  mined) 


^lain  bench 
( mined) 
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In. 
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rCoal  
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GI/2 

Carbonaceons  shale  . 
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41/0 

^Carbonaceous  shale  . 

n 

Clay  

1 

I 

0 

rcoai  

• > 

> 

G 

Shale  
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-<  Coal  

Shale  

^/2 

Coal  

Clav 

Low-tempei-atuiv  Tai-  at  the  rate  of  2:’>..'!  gallons  pei' 
ton  was  obtained  from  the  bituminous  coal  by  car- 
bonization in  an  1800  c.  c.  capacity  retort. 


Sample  No.  100  represents  coal  washer  refuse, 
obtained  by  washing  TMttsburgh  coal  at  the  Ells- 
worth Collieries  Company’s  washer  at  Ellsworth. 


It  yielded  only  at  the  rate  of  d.b  galhjiis  of  low- 
teni])eratur(“  tar  per  ton. 

Sampb'  No.  101  of  liitnminons  coal  from  tin* 
Pittslmrgh  bed  came  from  the  American  Zinc  and 
Chemical  Company’s  mine  at  Langeloth.  A car- 
bonization test  in  an  1800  c.  c.  retort  gave  a 
yield  at  tin*  rate  of  10.:1  gallons  of  low-tem|)era- 
ture  tar  per  ton.  This  is  probably  a little  low  as 
the  retold  developed  a slight  h*ak  dni'ing  the  test. 


West  inoreland  < 'onnty. 

The  stratiti('d  rocks,  appearing  at  the  surface 
in  A'(‘st inoreland  County,  belong  to  the  Devonian. 
Mississiiipian.  Pennsylvanian,  and  Permian  ser- 
ies. The  Pottsville,  Allegheny,  Conemaugh,  and 
.Monongaliela,  as  well  as  the  lowermost  beds  of  the 
Washington  formation,  are  all  represented  in  the 
counly. 

The  coals  of  the  county  have  tixed-carbon  ]ier- 
centages,  computed  on  a pure  coal  basis,  ranging 
from  58  in  the  western  to  8(l  in  the  eastern  part, 
with  the  major  area  lying  between  GO  and  G5. 
Cannel  coals  and  shales  rich  in  volatile  matter, 
therefore,  would  be  expected  to  occur  only  in  the 
western  portion  of  tlie  county. 

Samples  No.  102  and  101.  inclusive,  from  tlie 
Lower  Free])ort  horizon  have  already  been  de- 
scrilied  under  Armstrong  County  in  connection 
with  the  occurrence  of  cannel  shale  in  the  vicinity 
of  Kiskiminetas  -Tun  dion. 

Samples  No.  1H5  to  107,  inclusive,  likewise  liavi' 
been  described  under  Allegheny  ('onnty  in  coumn-- 
tion  with  the  cannel  shale  deposit  associated  u iili 
the  tliick  Freei>ort  coal  in  tin*  northeastern  ]>art 
of  that  county. 

Sanijile  No.  108  was  f)btaiiu‘d  from  a layer  of 
cannel  shale,  varying  from  0 to  12  indies  in  thick- 
ness. which  is  associated  with  tin'  Cpjier  Erimport 
coal  in  the  Darlington  Coal  Mining  Company's 
mim*  at  Darliington.  in  Ligonicr  Township.  it 
yielded  at  the  rate  of  11.2  gallons  of  oil  per  ton. 


u 
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Samples  from  outside  Pennsylvania. 

Samples  lUD  to  122,  iuclusive,  were  obtained 
from  loicalities  outside  of  the  State  and  are  intro- 
duced for  the  sake  of  comparison. 

Conclusions. 

During  tlie  summers  of  1918  and  1920  the  Avriter 
visited  practically  every  locality  in  the  State,  in 
which  canuel  coal  or  shale  or  any  otlnu'  carbon- 
aceous shale,  which  might  prove  to  be  an  oil  shale 
offering  possibilities  as  a source  of  oil  in  the  fut- 
ure, has  been  reiJorted  to  occur.  The  deposits 
have  been  examined,  samples  taken  and  tested  in 
the  laboratory.  This  investigation  has  shown 
that  Pennsylvania  has  no  large  deposits  similar 
to  the  oil  shales  at  the  Devonian-Mississippian 
horizon  in  Ohio,  Indiana,  Kentucky,  and  Tennes- 
see, or  in  the  Green  River  formation  of  Colorado, 
Utah,  and  Wyoming.  The  many  small  deposits 
of  canuel  coal  and  shale  of  western  Pennsylvania 
resemble  these  deposits  rather  closely  as  far  as 
quantity  and  cliaraeter  of  the  oil  Avhich  they 
yielil  on  low-tenqH'ratui'e  carbonization,  is  con- 
cerned : hut  unfoi-t nnat(dy,  with  the  exception  of 
the  one  occurrence  at  the  T^'pper  Freeport  horizon 
in  northeasteni  All(*gheny  County,  none  of  them 
are  very  extensive.  While  there  always  is  the 
possibility  of  discovering  other  similar  deposits 
in  the  area  of  high  volatile  coals  west  of  the  65 
iso  carb  line,  particularly  in  the  Allegheny  forma- 
lion  to  which  niiost  of  the  cannel  coal  and  shale 
oeouri-ences  of  the  State  are  confined,  and  especi- 
ally in  places  Avhere  this  formation  is  covered  by 
overlying  strata  and  does  not  crop  at  the  surface, 
it  is  not  likely  that  such  shales  are  present  in 
sufficient  quantities  to  support  any  A^ery  large  oil- 
shale  industry  in  the  Liture. 

Before  attempts  are  made  to  erect  plants  to 
recover  oil  from  cannel  coals  and  shales  from  any 
particular  deposit,  too  much  stress  cannot  be  laid 
on  the  necessity  of  first  making  careful  and  thor- 
ough investigations  of  the  extent  of  the  deposit, 
and  the  quantity  and  character  of  the  oil  which 
the  material  aauII  yield.  The  deposits  are  so  er 
ratic  in  these  respects  that  careful  prospeicting. 


preferably  by  rather  close  core  drilling,  will  be 
necessary  to  obtain  the  essential  data  to  warrant 
spending  any  very  large  sums  of  money  for  the 
erection  of  the  required  plants  to  treat  them. 

’^Vith  respect  to  the  establishment  of  an  indus- 
tiy,  based  upon  low-temperature  carlwnization  of 
bituminous  coal,  however,  the  situation  is  entirely 
different.  Pennsylvania  has  enormous  reserves  of 
bituminous  coal  suitable  for  such  treatment. 
An  inspection  of  the  map,  figure  3,  on  page  13 
shoAA’s  that  most  of  the  bituminous  coal  area 
of  Western  Pennsylvania  lies  w^est  of  the  2.5  fuel 
ratio  boundary  and,  therefore,  contains  coals 
suitable  for  loAv-temperature  carbonization  from 
the  stand-point  of  by-product  yield.  Much  of 
this  coal  is  also  suitable  for  metallurgical  coke 
and  gas  manufacture  and  is  already  being  draAvn 
upon  heavily  for  this  purpose,  AAuth  all  indica- 
tions that  the  demand  from  these  industries  aaTII 
be  still  greater  in  the  future.  In  1918,  the  bi- 
tuminous coal  consumed  in  the  manufacture  of 
coke  and  coal  gas  in  the  State  amounted  to  about 
23  jier  cent  of  the  total  production  of  bitumin- 
ous coal. 

There  is  no  reason  Avhy  the  enormous  quantities 
of  bituminous  coal  that  are  noAV  being  burned  in 
the  raw  state  for  steam  raising  purposes  and  do- 
mestic use,  cannot  first  be  subjected  to  low'-tem- 
perature  carbonization,  and  eventually  this  Avill 
probably  be  done.  In  this  wmy  a fuel  will  be  ob- 
tained in  manA'  respects  superior  to  raw  coal,  the 
smoke  nuisance  of  cities  will  be  abated,  and  valu- 
able by-products  Avill  be  recovered,  which  will  aid 
greatly  in  supplementing  a w’^aning  petroleum 
supply. 

CHAPTER  VI. 

METHODS  OF  TESTING  COALS  AND  SHALES. 

Sampling. 

Representative  samples,  Aveighing  from  15  to 
40  pounds,  Avere  collected  in  the  field.  Each  sam- 
ple Avas  taken  Avherever  possible  by  cutting  a nar- 
row channel  perpendicular  to  the  bedding  plane 
of  the  deposit.  In  the  case  of  the  ordinarv'  coals 
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the  cut  was  made  two  inches  deep  and  six  inches 
wide.  In  the  case  of  the  cannel  coals  and  shales 
a somewhat  wider  and  deeper  cut  had  to  be  made 
because  of  the  difficulty  of  breaking  these  ma- 
terials off  from  the  face  in  small  pieces.  The  only 
exceptions  to  the  above  procedure  arose  when  the 
deposits  themselves  were  inaccessible  and  it  be- 
came necessary  to  sample  dumps.  All  samples 
were  shipped  to  the  laboratory  in  canvas  bags. 

Crushing. 

In  the  laboratory  the  samples  were  reduced  by 
means  of  a small  jaw  crusher  and  rolls  to  pass 
through  a 4-mesh  screen.  This  size  of  material 
was  used  for  both  the  carbonization  and  the 
ammonia-yield  tests.  By  means  of  a Jones  riffle 
sampler  a 100-gram  sample  was  cut  from  each 
field  sample.  Each  100-gram  sample  was  crushed 
to  00-me«;h  in  a small  Abbe  porcelain  pebble  mill 
and  set  aside  in  a rubber  stoppered  glass  bottle, 
to  be  used  later  for  making  proximate  analyses 
and  nitrogen  and  sulphur  determinations. 

Carbonization  tests. 

Three  ty])es  of  retorts  were  employed  in  making 
the  earlmnization  tests:  namely,  the  United 

States  Bureau  of  Mines  oil  shale  assay  retort,  de- 
veloiH'd  by  L.  C.  Karrick  of  the  Inter-mountain 
station  of  the  Bureau;  and  an  1800-c.  c.  and  a 
3500-c.  c.  capacity  vertical  retort,  designed  by 
the  writer. 

U.  S.  Bureau  of  Mines  oil  shale  assay  retort. 

The  retorU,  recommended  by  the  Bureau  of 
Mines  as  a simple  device  for  field  and  laboratory 
use  where  rapid  assays  of  oil  shales  are  desired 
with  results  of  duplicate  test  agreeing  within  1 or 
2 per  cent,  consists  essentially  of  a one-pint  capac- 
ity cast  iron  amalgam  retort  with  a inch  street 
ell  screwed  into  the  lid,  to  which  in  turn  is  at- 
tached a 20-inch  length  of  ^ inch  galvanized  pipe, 
to  the  other  end  of  which  a tee  is  affixed.  To  the 
lower  end  of  the  tee  there  is  attached  a ^ by  3 


inch  galvanized  pipe  nipple,  cnl  al  a t.b  angle  on 
the  [dain  end.  The  nipjile  leads  into  a graduaieii 
glass  cyliinh-r  of  100  c.  c.  l apacity  ihrongh  a one- 
hole  cork.  3(i  inches  of  ~>/U>  inch  glass  tub- 
ing are  attached  to  the  upper  end  of  the  tec*  by 
nmans  of  another  one-hole  cork. 

The  apparatus  was  assembled  as  shown  in 
figures  12  and  13.  The  retort  was  enclosed  in  a 


Fig.  12.  U.  S.  Bureau  of  Mines  oil  shale  assay  retort. 


1.  Karrick,  L.  C.  A convenient  and  reliable  retort  for  assaying  oil  shales  for  oil  yield.  U.  S.  Bureau  of  .Mines 
Reports  of  Investigations,  Serial  No.  2229.  1921. 
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cylindrical  asbestos-board  jacket  with  about  oiie- 
ciuarter  of  an  iinch  clearance  at  tlie  sides  and 
enong'li  clearance  on  to})  for  the  clamp  screw. 
Notches  were  cut  in  the  jacket  for  ring  snj)port 
and  delivery  tu)>e.  A cover  of  asbestos  board 
with  a 1%  inch  hole  at  the  center  was  provided  to 
reflect  heat  downward  against  the  retort  lid  so 
that  oil  would  not  condense  on  its  inner  side  and 
drip  into  the  sliale,  thus  causing  losses  by  secoud- 
ary  distillation.  Tlie  contact  surfaces  of  the  lid 
and  llie  to])  of  the  retort  were  carefully  ground 
together,  using  tine  carlKuaiudum  powder,  so  as 
to  form  a gas-tight  fit.  A gasket,  was  used  which 
consisted  of  a single  thickness  of  asbestos  paper 
coatecl  with  a paste  of  grapiiite  and  glycerin.  A 
paste  of  pulverage  litharge  and  glycerin  was 
us(‘d  on  the  pipe  joints.  The  top  and  bottom 
connectioius  of  tlie  tee  with  tlie  glass  tnbe  and 
the  gra<luate  wei'e  also  sealed  with  the  same  mix- 
ture. Heat  was  ajiplietl  hy  means  of  a No.  3,  25- 
mm.  diameter  Meker  Inirner,  using  natural  gas 
as  fuel. 

Approximately  400  c.  c.  of  shale,  crushed  to 
pass  a 4-mesh  screen,  tilled  the  retort  level  full. 
This  (juautity  was  Aveighed  and  ]>laced  in  the  re- 
tort. After  the  lid  had  been  litted  carefully  in 
place  and  the  jacket  and  lid  adjusted,  the  burner 
was  started,  using  a very  small  flame.  The  grad- 
uated cylinder  and  reflnx  condenser  w^ere  then 
attached.  The  initial  flame  was  adjusted  so  that 
about  45  minutes  ela]>sed  before  the  first  drops 
of  oil  appeared.  After  two  or  three  c.  c.  of  oil 
had  accumulated,  the  flame  was  doubled  in  size 
and  increased  thereafter  about  an  equal  amount 
(‘very  20  to  40  minutes.  The  rate  of  accumulation 
of  the  oil  was  k(‘pt  as  nearly  uniform  as  ])ossible 
and  adjusted  so  that  the  distillation  contiiuied 
over  a period  of  about  tAvo  hours.  Care  was  taken 
not  to  haAm  the  distillation  so  rapid  that  the  con- 
denser capacity  Avould  be  exceeded.  In  such  a 
case  oil  Avould  appear  in  the  upper  portion  of  the 
glass  tube  reflux  condeaiser  and  some  Avould  be 
lost  at  the  top.  After  oil  had  ceased  to  come  oil, 
the  loAver  ]>art  of  the  retort  Avas  broAight  to  a 
dull  red  Inmt.  The  ii-on  ])ipe  leading  from  the 
retold  was  fimilly  AA-aianed  sloAvly  so  as  to  drain 


it  thoroughly. 

The  graduated  cylinder  Avas  then  removed  and 
a glass  sto])per  inserted.  The  cylinder  Av.as  Avarnv 
ed  in  Avater  heated  to  00°  C.  so  that  the  oil  was 
hrought  to  as  fluid  a condition  as  possible  in 
order  to  permit  complete  separation  of  it  from  the 
water  of  the  shale  Avhich  likeAvise  had  distilled 
and  condensed.  The  graduate  Avas  revolved  rapid- 
ly betAA'een  the  palms  of  the  hands  Avhile  still 
Avarm  to  facilitate  the  formation  of  a good  men- 
iscus betAveen  the  oil  and  the  Avater.  After  al- 
loAving  the  contents  to  cool  to  room  temperature, 
the  volumes  of  oil  and  Avat(*i‘  AV(U‘e  read.  The 
contents  of  the  graduate  AV(*r(“  then  pourc'd  into 
a separatory  funnel,  Avarmed  again,  and  the  AA'ater 
drained  off.  The  oil  Avas  plao'd  in  a Avell  corked 
bottle  and  set  aside  for  specific  gravity  determina- 
tions. The  yi(dd  of  oil  pei“  ton  of  2,000  pounds 
Avas  cab'ulated  by  means  of  the  folloAving  form- 
ida : — 

Cubic  centimeters  of  oil  x 239.7 

G.ollons  of  nil  per  ton  = 

Grams  of  shale  used  in  retort 

The  specific  gravities  of  1he  oils  Avere  deter- 
mined by  means  of  a 25  or  10-c.  c.  Geissler’s 
specific  gravity  bottle  fitted  Avith  ground-in  ther- 
mometer and  stoppered  capillary  tube,  or  a 2-c.  c. 
Gay-Lussac's  bottle  Avith  perforated  stopper.  The 
choice  of  these  bottles  depended  upon  the  volume 
of  oil  available  The  “Avater-c'quiAmlents”  of  the 
sptwific  gravity  bottles  at  60°  F.  (15.56°  0.)  were 
determined  previously  and  the  specific  gravities 
of  the  oils  AAcre  taken  either  at  tliat  temperature 
or  at  25°  C. 

In  each  of  the  above  tests  Ihe  yield  of  oil  and 
of  ammonia  cal  liquor  in  gallons  per  ton,  2,000 
pounds,  of  shale,  the  specifiic  gravity  of  the  oil, 
and  the  Aveight  of  the  spent  material,  or  residue, 
Avere  deteimined. 

This  type  of  retort  Avas  found  to  Avork  very 
satisfactorily  on  all  cannel  coals  and  shales  and 
oil  shales  tested.  HoweA'^er,  it  cannot  be  used 
Avith  bituminous  and  semi-bituminous  coals  that 
coke,  for  tlmse  expand  on  heating  and  soon  choke 
the  outlet. 
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1800  and  3500  c.  c.  capacity  retorts. 

In  oi-(kn-  to  obtain  qnantitios  of  t»il  sntliciontly 
lartro  to  fractionate  from  one,  or.  at  tlu'  most,  two 
rnns,  and  to  test  ordinary  bitnminons  and  semi- 
bitnminons  coking  coals,  a larger  retort  \va,s  re- 
quired. A vertical  cylindrical  type  d inches  in 
diameter,  was  chosen.  Tlie  lirst  retort  of  this 
typi‘  coinstrncted  had  ;ui  inside  de])th  of  10  inches 
and  held  ISOO  c.  c.  of  coal  or  shale.  It  was  ma(h* 
from  a piece  of  1 inch  wronght-iron  pipe  lb  in- 
ches long,  threaded  at  both  ends.  A cast  iron 
cap  was  screwed  onto  the  lower  end  and  a Inaivy 
faced  cast  iron  flange  (.oito  the  npper  end.  Both 
of  the  joints  were  welded  Avith  an  oxy-acetylene 
torch.  A faced  cast  iron  l)lind  flange,  with  holes 
for  an  ontlet  pipe  and  tlie  insertion  of  a Itase 
metal  thermocouple,  was  used  as  a cover.  It  was 
attached  to  the  flange  of  the  retort  by  means  of 
eight  holts.  The  retort  was  set  in  a Are  laack 


fnrnac(‘,  heate(l  by  mi'ans  of  two  Bnnsmi  lil.ist 
lamps.  After  about  lb  runs  liad  luam  made  tins 
r(Uort  develojied  a slight  leak  along  the  lower 
welded  joint  and  had  to  Ik*  discarded. 

A longer  retort  of  the  sana*  typ('  was  th(*n  adopt- 
e<l.  This  also  had  an  inside  diani(*ter  of  I inches 
;ind  a length  of  IN  inches  instead  of  10.  The  main 
body  of  this  retort  was  cast  in  om*  ]ii(*c<*.  The 
walls  Avere  -'s  inch  thi-k.  Tin*  top  Avas  a flange 
1 inch  thick  and  B!  inches  in  ontsid(*  diamet(*r. 
with  eight  hoh*s  to  accoirmodate  the  bolts  used 
to  attach  the  faced  cast  iron  blind  flangt*  of  the 
ISOO  c.  c.  retort.  This  blind  flange  Avas  us(*d  as  a 
cover  for  the  nCAV  retort.  The  ucav  rctoi-t  ln*ld 
.flbOO  c.  c.  of  coal  or  shale. 

Fignrt*  11  sh.oAvs  tin*  manner  of  s(*ttiny  u]i  the 
a]>paratus.  both  for  the  ISbO  and  flbOO  c,  c.  re- 


Fig.  14.  Diagram  sliOAAing  .3500  c.  c.  retort  and  accompanying  apparatus. 
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1((i'ls.  I’latt'  \'I  shows  llie  api»(‘iiraiice  as  iiistallod 
in  the  lalioralorv.  The  body  of  llie  retort  was  set 
in  a lii-el»riek  fnrna,?e  of  eireiilar  eross-section  on 
the  inside.  The  furnaee  was  lieated  by  raeaiiis  of 
foni*  Itlast  laii}]is,  two  on  eaeli  side.  Foi-  tlie 
lower  two  openings,  small  Fletcher  blast  fur- 
nac(‘  bnni(‘i’s  were*  used.  The  Haines  of  thesn 
enteri'd  tin*  fnimace  Ixdow  the  bidtoni  id’  the  re- 
tort. l■’ol■  till'  njiper  two  ojienings  llnnsen  Idas! 
lamps  were  mnployed.  The  flames  from  these 
inijiinged  on  the  inside  walls  of  the  furnaee 
ojiposile  tin*  middle  of  tin*  ndort.  The  top  of  the 
funiaei*  was  eoviu-ed  t»y  a sheid  id'  ' | inch  asb<‘s1os 
board  and  a jiiece  of  sheet  iron.  In  these  wei'e 
lioles  just  large  enough  to  admit  the  body  of  the 
ridorl.  which  \^as  so  ai-ranged  that  it  could  be 
lifted  into  and  out  of  the  furnace.  During  car- 
boni/,ation  tests  amdlim'  sliced  of  ■/)  inch  asbestos 
board  was  placed  over  the  top  of  tlu'  cover  with 


a notch  cut  in  it  for  the  delivery  tube  and  the 
thermocouple  tube. 

A threaded  hole  was  drilled  through  the  center 
of  tin*  bliml  llange  cover  to  receive  a short  I/2 
inch  uipph*,  through  which  the  vapors  from  the 
retort  escaped.  One  inch  from  the  center  another 
similar  hole  was  drilled  and  tap]>ed  to  i-eceive  a 
short  54-inch  nipple,  through  which  the  theriuo- 
cou])le  was  introduced  into  the  retort.  A gasket 
was  us(“d  lietween  the  cover  and  the  flange  of  the 
retort.  This  gasket  coinsisted  of  two  thicknesses 
(d'  asbestos  paper  coated  with  a paste  of  grajihite 
and  glycerin. 

For  (h'termining  temperatures  insidi'  tluvretort, 
a base  metal  thermocouple  of  the  j)yod  type  was 
used.  It  wais  equipped  with  an  auxiliary  compen- 
sator couple  and  connected  to  a Wilson-Maeulen 
Xo.  :>:)  portahle  nidicator.  The  lower  ])ortion  of 
the  pyod  rod  was  threaded  and  smuved  into  a 
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reducer  attached  to  a short  -%-iuch  nipple  in  the 
cover  l>y  means  of  a sleeve.  In  this  way  a gas 
tight  connection  was  oldained.  The  thernu)- 
conple  rod  extended  4,%  inches  into  the  retori. 
Its  end  just  entered  the  upper  part  of  the  coal  or 
shale  charge. 

To  the  short  ^-inch  nipple  at  the  center  of  the 
cover  a tee  was  attached.  The  tee  was  fitted  with 
a plug  at  the  upper  end  so  that  in  case  the  verti 
cal  outlet  from  the  retort  became  clogged,  the 
tee  could  be  opened  and  the  outlet  cleared.  A 
horizontal  iron  pipe  10  inches  long  and  ^2 
in  diameter,  covered  with  asbestos  paper,  was 
attached  to  the  side  opening  of  the  tee.  Another 
tee  was  attached  to  it  at  the  other  end.  This  tee, 
also,  was  fitted  with  a plug  opposite  the  pipe  so 
that  in  case  the  latter  became  clogged,  the  plug 
could  be  removed  and  the  outlet  cleared.  To  the 
lower  end  of  the  tee  (side  outlet)  a vertical  brass 
pipe  Vo  inch  in  diameter  and  20  inches  long  was 
attached.  This  was  surrounded  by  a jacket  maile 
from  a piece  of  2-inch  pipe  with  caps  at  either 
end  through  which  holes  had  been  drilled  to 
admit  the  brass  tube.  Cold  water  was  kept  cir 
culating  through  this  jacket  while  the  carboniza- 
tion tests  were  in  progress.  A third  tee  was 
attached  to  the  lower  end  of  the  brass  pipe.  Into 
the  side  outlet  of  this  tee  a rubber  stopper  was 
inserted  fitted  with  a %-inch  glass  tube  leading 
to  the  side  tube  of  a 500  c.  c.  Erlenmeyer  flask. 
A %-inch  pipe  nipple,  cut  off  at  15°  at  its  lower 
end,  was  attached  to  the  bottom  of  the  tee.  This 
was  connected  through  a cork  Avith  a 1000  c.  c. 
graduated  cylinder,  in  which  most  of  the  oil,  as 
well  as  the  ammonia  cal  liquor  collected.  All  pipe 
threads  were  coated  with  a paste  of  fine  graphite 
and  glycerin  and  screwed  gas  tight. 

A vertical  Allihn  reflux  condenser  was  attached 
to  the  Erlenmeyer  flask.  The  condenser  was  16 
inches  long,  had  five  bulbs,  and  was  cooled  by  a 
stream  of  cold  water.  Only  a small  quantity  of 
oil  accumnlated  in  the  latter  condenser.  A .l/K! 
inch  glass  tube  was  used  to  lead  the  uncondensed 
gases  from  the  top  of  the  refux  condenser  to  the 
bottcun  of  a 10-inch  tower,  which  was  filled  with 
iron  "jack'’  chain.  From  the  Vq)  of  the  tower  the 
gas.scs  passed  tlirough  aiKUher  glass  tube  to  a 


500  c.  c.  ‘^safety”  bottle.  A U-shaped  mercury 
pressure  gauge  open  to  the  atmosphere  was  at- 
tached to  this  bottle. 

From  the  “safety”  bottle,  the  gases  next  passed 
through  three  Allihn  double  action  500  c.  c.  gas 
washing  bottles,  containing  twice  normal  (2N) 
stili)huric  add  solution,  250  c.  c.  in  the  first  two 
and  200  c.  c.  in  the  tliird.  After  leaving  the  gas 
washing  bottles,  the  gases  were  next  passed 
through  another  500  c.  c.  "safety”  bottle  and  then 
through  two  vertical  tubes  3 feet  long  and  % inch 
in  diameter.  These  tubes  were  filled  with  8 to 
14-mesh  Dorsite  40-minute  activated  charcoal. 
Each  tube  held  120  grams  of  charcoal. 

From  the  charcoal  tubes  the  path  of  the  gases 
lead  tlirough  another  500  c.  c.  bottle,  from  which 
the  samples  of  gas  for  analysis  were  taken.  Then 
the  gases  passed  through  a Cenco  rotary,  electri- 
cally-driven vacuum  pump,  through  a 500  c.  c. 
Erlenmeyer  flask,  and  finally  through  a 100  cubic 
foot  American  wet  gas  meter.  A shunt  was  pro- 
vided around  the  vacuum  pump  so  that  the  latter 
could  lie  shut  off  when  samples  of  gas  were  taken. 

In  charging  the  retort,  about  3500  c.  c.  of  coal 
or  shale  (Avhich  had  previously  been  cru.shed  to 
pass  a 4-mesh  screen)  were  weighed  and  put  into 
the  retort.  A tube  one  inch  in  diameter  and  18 
inches  long,  made  of  12-mesh  iron  screen,  was 
jdaced  along  the  center  line  of  tin*  charge.  A 
slu'ct  iron  disc  4 inches  in  diannder  pi-ovided  with 
holes  for  the  screen  tube  and  thermocouple  rod 
was  placed  on  top  of  the  charge.  A space  of  about 
41/2  inches  remaiiu'd  ludween  the  disc  and  the 
cover  of  the  retort. 

The  retort  Avas  heated  at  a rate  so  that  the  in- 
dicator shoAved  the  folloAving  temperatures  after 
the  specified  number  of  hours: 


Rate  of  ticatiiifi  retort. 


Hours 

°F. 

Hours 

°F.  Honr^ 

' •P. 

J 

150 

3 

7.V)  5\ 

1000 

1 

300 

.n 

f) 

lino 

U; 

450 

4 

,S")0 

UOO 

2 

coo 

41 

7 

(482"C) 

l;;oo 

24 

700 

5 

9.70  7\ 

U«io 

(760  O' 

The  ridoit  w.is  kept  at  1100°  h\.  nsnally  ’"k 
honi-.  until  gas  c(‘ascd  to  come  otl. 
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The  thennueouple  projected  ouly  into  the  upper 
portion  of  tlie  charge.  Tlie  low(‘r  part  of  tlie 
charge,  particularly  during  the  early  stages  of 
the  test,  was  at  a somewhat  higher  temperature. 
It  is  impossible,  by  means  of  a gas  bred  furnaca' 
of  the  type  employcal.  to  keep  the  temperature 
uniform  throughout  the  entire  length  of  the  re- 
told. The  outside  of  the  lower  part  of  the  retort 
was  coated  with  a thin  layer  of  ‘‘Adamant”  fire 
brick  cennnt  to  protect  it  from  excessive  oxida- 
tion. In  the  ease  of  some  of  the  tests,  the  tem- 
perature was  carried  only  to  900°  E.  (482°  C.). 
It  was  found  that  wliei-e  duidicat(*  tests  on  the 
same  material  were  mad(>,  carrying  the  temp(‘ra- 
ture  to  1400  K.  (700^  < I in  one  instama'  and 
900°  F.  (482°  ('.)  in  tin*  other,  tin*  volume  of  oil 
or  tar  obtained  was  ])rae1ieally  the  same  in  each 
east*  Imt  tin*  gas  and  ammonia  yield  were  consider- 
ably ineiaaised  l)y  continning  to  the  higher  tem- 
]H*ratur(‘.  ( 'aibonization  was  conducted  undei’  a 
slight  vacuum,  the  pressure  at  the  mercury  gage 
b(bng  ke])t  at  about  2 inches  b‘ss  than  that  of  the 
atmosphere. 

After  a test  had  been  completed,  water  pre- 
viously lieated  to  the  boiling  point,  was  circulated 
through  tin*  condensers  so  as  to  thoroughly  drain 
the  appaiatus  of  oil.  The  1000  c.  c.  graduated 
cylinder,  containing  the  bulk  of  tin*  oil  or  tar 
and  the  ammoniacal  liquor,  was  removed.  What 
little  oil  had  accumulated  in  the  Erlenmeyer  tlask 
was  added  to  that  in  the  gi-aduated  cylindei*.  A 
glass  stopper  was  inserted  into  a cylinder  and  tin* 
cylinder  and  contents  were  warmed  in  water 
heated  to  00°  O.  so  as  to  facilitate  the  separation 
of  the  oil  or  tar  and  water.  The  cylinder  was 
revolved  rapidly  betweeji  the  palms  of  tin*  liaTid 
so  as  to  aid  in  the  formation  of  a good  meniscus 
lH*tween  the  two,  cooled  to  room  tem]>eraturt*  and 
the  volumes  in*ad.  The  contents  of  the  cylind(*i* 
were  then  ])onred  into  a sejiaratoi-y  funnel,  again 
warmed,  and  allowed  to  stand  ov(*r  night.  The 
oil  or  tar  and  ammoniacal  liquor  Avere  then  separ 
at(*d.  The  oils  aTid  the  low-tem])eratui*e  tars  ob- 
taim*d  frcmi  ordinary  bituminous  coal  floated  on 
TO])  of  tin*  anunoniacal  liquor,  although  an  occa- 
sional small  globule  of  the  tar  Avould  separate 


and  settle  to  the  bottom  of  tin*  water.  Deteianin- 
ations  of  the  water  content  of  the  oils  and  tars 
showed  that  very  good  separations  were  made. 

The  specific  gravities  of  the  oils  and  tars  W(re 
det(*rmined  by  means  of  a bO  c.  e.  Geissler  specific 
gravify  bottle,  fitted  Avith  ground-in  thermometer 
and  stoppered  capillary  tube.  These  AA'ere  taken 
at  either  15.5(i  or  25°  G.  and  compared  AAith 
watei-  at  15.50°  G.  (00°  F.). 

The  volume  of  oil  or  tar  and  ammoniacal  li- 
(pior  p(*r  ton  Avere  calculated  by  means  of  the  fol- 
loAving  foi-mulas; — 

Cubic  centimeters  of  oil 
X 239.7 

0;illon.«  of  oil  per  ton  (2000  pounds')  = — — 

of  coal,  shale,  etc.  Grams  of  coal  or  shale 

used  in  retort 

After  the  retort  had  cooled  sufbci(*ntly.  tin*  spent 
material  Avas  remoA^ed  and  Aveighed.  The  yield 
per  ton  Avas  then  computed. 

The  120  grams  of  8 to  14-mesh  Dorsite  40-minute 
activatt'd  charcoal  s(*r\'ed  to  adsorb  light  oil  va- 
pors from  the  gases  evolved,  Avhich  failed  to  li- 
quefy ill  the  condenser  system  employed.  The 
light  oil  Avas  recovered  by  mixing  the  charcoal 
AAith  about  an  equal  volume  of  glycerin  and  dis- 
tilling in  a tar  still  up  to  200°  G.,  using  a 1(1- 
inch  inclined  AViiter-cooled  condenser.  Its  speci- 
fic gravity  Avas  determined  by  means  of  a 25  or 
10  c.  c.  Geissler  spei:*ific  gravity  bottle  Avith 
ground-in  thermometer  and  stoppered  capillary 
tube,  or  a 2 c.  c.  Gay-Lussac  bottle  Avith  perforat- 
ed stopper.  tVhich  of  these  Ava.s  used  depended 
upon  the  volume  of  oil  available. 

A portion  of  the  ammonia  produced  from  the 
uitrogen  in  the  coal  or  shale  during  the  carboniza- 
tion ]U'Ocess  Avas  recovered  in  the  ammoniacal  li- 
quor which  condensed  Avith  the  oils  or  tars.  The 
balance  Avas  fixed  as  ammonium  sulpliate  in  the 
700  c.  c.  of  tAA'ice  .normal  suljihuric  acid  solution 
used  in  the  gas  Avashing  bottl(*s.  The  tAVO  solu- 
tions AA'ere  analyzed  separately.  Each  was  first 
dilut(*d  to  1000  c.  c..  By  jneans  of  a pipette,  25 
(*.  c.  AV(*re  Tm*asnr(*d  in  dnjdicate  into  tAvo  800 
c.  c.  Kjeldahl  flasks.  Each  aliipiot  portion  Avas 
diluted  Avith  250  c.  c.  of  Avatei*.  TAvice  uoi-mal 
(2N)  sodium  hydroxide  solution  Avas  added,  10 
c.  c.  in  the  case  of  the  ammonical  liquor  and  30 
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c.  c“.  iu  the  case  of  the  sulphuric  aci<l  wash  water. 
Tile  !lask  was  then  couiiected  through  a Kjeldahl 
bulb  tube  to  a 16-inch  vertical  water  cooled  con- 
denser of  the  Allihn  type  with  live  bulbs,  the 
lower  end  of  which  extended  into  75  c.  c.  of  stand- 
ardized one-fifth  normal  sulphuric  acid  solution. 
After  the  ammonia  had  been  distilled  off,  the  ex- 
cess sulphuric  acid  was  titrated  with  one-fifth 
normal  sodium  hydroxide  solution  and  the 
amount  of  acid  which  had  been  neutralized  by 
ammonia  was  determined.  From  this  was  com- 
puted the  quantity  of  ammonia  present  in  the 
solution. 

A very  small  percentage  of  the  nitrogen  iu  the 
amnioniacal  liquor  and  sulphuric  acid  wash  water 
is  present  in  the  form  of  pyridine  compounds 
instead  of  ammonia.  A correction  in  the  amount 
of  ammonia  as  determined  above  was  made  after 
the  pyridine  content  had  been  determined.  For 
the  pyridine  determinations,  100  c.  c.  of  the  am- 
moniacal  liquor  or  sulphuric  acid  wash  water, 
which  had  previously  been  diluted  to  1000  c.  c., 
were  measured  into  an  800  c.  c.  Kjeldahl  flask 
by  means  of  a pipette.  This  solution  was  fur- 
ther diluted  with  150  c.  c.  of  water.  Twice 
normal  sodium  hydroxide  solution  was  added ; 
30  c.  c.  in  the  case  of  the  ammouiacal  liquor  and 
100  c.  c.  in  the  case  of  the  sulphuric  acid  wash 
Avater.  The  pyridine  and  ammonia  were  distilled 
off  and  caught  in  50  c.  c.  of  normal  sulphuric 
acid  solution.  The  latter  Avas  then  carefully  neu- 
tralized by  means  of  normal  sodium  hydroxide 
solution.  The  neutral  solution  Avas  poured  into 
an  800  c.  c.  Kjeldahl  flask,  and  5 c.  c.  of  normal 
sodium  hydroxide  solution  were  added.  The 
l>yridine  and  some  ammonia  were  distilled  off 
and  caught  in  10  c.  c.  of  normal  sulphuric  acid, 
to  AA'hich  50  c.  c.  of  water  had  been  added.  This 
distillate  was  again  placed  in  an  800  c.  c.  Kjel- 
dahl flask.  Then  were  added  100  c.  c.  of  sodium 
hypobromite  sohition  (made  by  dissolving  100 
grams  of  caustic  soda  in  1000  c.  (*.  of  distilled 
water,  cooling,  and  adding  25  c.  c.  of  bromine). 
The  flask  Avas  violently  shaken.^  The  pyridine 


was  then  distilled  off  into  2.1  c.  r.  of  one- lift h 
normal  sulphuric  acid  solution.  The  excess  acid 
was  lilrated  with  one-tifth  iiormai  s((dium  hy- 
droxide solution  and  the  voluiiu'  of  a Id  neut- 
ralized by  the  pyradine  was  determined,  from 
whicli  the  quantity  of  jiyridine  ]u-esent  was  cal- 
culated. 

From  tlie  data  thus  obtained,  the  total  am- 
monia present  in  the  amnioniacal  liquor  and  in 
the  sulphuric  acid  Avash  water  was  determinc(l. 
The  recovery  of  nitrogen  ]ier  ton  in  tlie  form  of 
ammonia  or  ammonium  sulphate  was  calculatnl, 
as  Avas  also  the  per  cent  of  nitrogen  in  the  coal 
or  shale  Avhich  Avas  comerted  into  ammonia  dur 
ing  the  carbonization  process  and  aaIucIi  escaped 
decomposition  in  the  retort. 

The  total  sulphur  present  in  the  amnioniacal 
liquor  Avas  also  determined.  50  c,  c.  of  the  liipi(»r 
I AA'hich  had  ]ireviously  l)een  diluted  to  100  c.  c. ) 
AA'ere  added  drop  by  drojt  from  a burette  into 
an  Erlenmeyer  flask  Avhich  contained  15  c.  c.  of 
concentrated  hydrochloric  acid.  35  c.  c.  of  dis- 
tilled AA'ater,  and  an  excess  of  bromine,  .'ifter 
the  addition  of  10  c.  c.  of  a 10  jier  cent  solution 
of  sodium  chloride,  the  solution  Avas  evaporated 
to  dryness  in  a porcelain  dish  over  a saml  bath. 
About  5 c.  c.  of  concentrated  hydrochloric  acid 
Avere  added  to  the  residue,  which  Avas  then  re- 
peatedly extracted  Avith  boiling  Avater.  filtered, 
and  the  volume  made  u]i  to  200  c.  c.  by  dilution 
Avith  Avater.  The  solution  Avas  tlimi  boiled  and  the 
sulphur  precipitated  as  barium  sulphate  by  ad- 
ding drop  by  drop  from  a burette  25  c.  c.  of  a 
10  jier  cent  solution  of  barium  chloride.  The 
solution  containing  the  precipitate  Avas  kept  at  a 
temperature  just  beloAV  boiling  for  tAvo  hours. 
It  Avas  filtered  the  next  day.  After  ignition  in 
a porcelain  crucible,  the  barium  suljOiate  Avas 
AA'eighed.  From  the  result  thus  obtained,  the 
quantity  of  sulphur  present  in  the  amnioniacal 
liquor  Avas  calculated. 

The  volume  of  permanent  gases  Avas  measured 
by  passing  them  through  a 100  cu.  ft.  American 
gas  meter.  The  gas  temperature  at  the  meter 


1.  Houghton,  A.  C.  The  estimation  of  pyridine  in  aqua  ammonia.  Jour,  of  Indus,  and  Eng.  Chein.,  Vol,  1.  pp. 
698-700.  1909.  The  sodium  liypohromite  oxidizes  the  ammonia  hut  has  uo  action  on  the  pyridine. 
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and  the  barometric  pressure  were  observed  every 
half  hour.  By  means  of  a table  of  factors  the 
volume  was  equated  to  60°  F.,  30  inches  of  mer- 
cury pressure,  and  saturation  with  moisture.  The 
yield  per  ton  (2000  pounds)  of  shale  or  coal  was 
then  calculated. 

Samples  of  the  gases  were  taken  when  tem- 
peratures of  650°,  950°,  and  1250°  F.  were  in- 
dicated on  the  recorder  to  which  the  thermo- 
couple was  connected.  In  those  tests  where  the 
operation  was  stopped  at  900°  F.,  the  samples 
were  taken  at  600°  and  900°  F.  The  samples 
were  analyzed  according  to  the  methods  of  tech- 
nical gas  analysis  outlined  by  White.^  In  the 
gas  analyses  a Hempel  gas  burette  with  glass 
stop  cocks  and  water  jacket  was  employed  for 
measuring  volumes.  Carbon  dioxide  was  deter- 
mined by  absorption  in  a solution  of  sodium  hy- 
droxide made  up  of  50  grams  of  caustic  soda 
per  150  c.  c.  of  water.  This  solution  was  stored 
in  a simple  Hempel  gas  pipette.  Three  minutes 
were  allowed  for  absorption.  Hydrogen  sulphide 
and  sulphur  dioxide  which  may  be  present  in  the 
gas  were  also  absorbed  by  this  solution.  Un- 
saturated  hydrocarbons  were  removed  by  means 
of  saturated  bromine  water  kept  in  a compound 
Hempel  burette  with  a double  bulb  for  the  bro- 
mine water ; the  upper  bulb  was  filled  with  glass 
beads.  Water  was  kept  in  the  second  bulb. 
About  ten  minutes  were  allowed  for  the  absorp- 
tion. Afterwards,  in  order  to  remove  bromine 
vapors,  the  gas  was  allowed  to  stand  over  a caus- 
tic soda  solution  for  one  minute  before  the  vol- 
ume was  measured.  Oxygen  was  determined  by 
means  of  an  alkaline  pyrogallate  solution  made 
up  of  equal  volumes  of  one  part  of  pyrogallol 
in  three  of  water  and  one  part  of  potassium  hy- 
droxide in  two  of  water.  A fresh  solution  was 
prepared  every  four  weeks.  It  was  stored  in  a 
double  pipette,  the  second  bulb  of  which  was 
filled  with  water.  Five  minutes  were  allowed 
for  the  absorption  of  the  oxygen,  the  apparatus 
being  fre(]uently  shaken.  Carbon  monoxide  was 


determined  by  means  of  a cuprous  chloride  solu- 
tion, made  by  dissolving  150  grams  of  cuprous 
chloride  in  one  liter  of  concentrated  hydrochloric 
acid  of  specific  gravity  1.12.  Two  double  pip- 
ettes were  used.  Concentrated  hydrochloric  acid 
was  kept  in  the  second  bulb  and  strips  of  metal- 
lic copper  were  placed  in  the  first  bulb  with  the 
cuprous  chloride  solution.  The  gas  was  kept  in 
each  pipette  for  three  minutes.  A record  was 
kept  and  after  the  second  pipette  had  absorbed 
10  c.  c.  of  carbon  monoxide,  it  was  used  as  the 
first  pipette  and  a new  solution  was  placed  in 
the  other.  Methane  and  hydrogen  were  deter- 
mined in  a Hempel  explosion  pipette,  equipped 
with  a leveling  bulb  filled  with  mercury.  Nitro- 
gen was  determined  bj^  difference. 

Proximate  analyses  of  the  coal  and  shale  sam- 
ples tested  in  the  1800-  and  3500-  c.  c.  retorts, 
and  of  the  spent  material  from  the  3500-  c.  c.  re- 
tort were  made  according  to  the  methods  recom- 
mended by  the  U.  S.  Bureau  of  Mines. ^ The  un- 
corrected ash  as  determined  has  been  reported 
in  each  instance ; therefore  errors  of  considerable 
magnitude  may  occur  in  some  of  the  shale  an- 
alyses, due  to  dehydration  of  clayey  substances, 
the  oxidation  of  pyrite,  and  the  decomposition 
of  calcium  and  ferrous  carbonates. 

The  nitrogen  content  of  the  above  mentioned 
samples  was  determined  by  the  Kjeldahl-Gunning 
method.®  One  gram  of  the  air-dried  material 
pulverized  to  pass  a 60-mesh  screen,  was  digested 
with  30  c.  c.  of  concentrated  sulphuric  acid,  0.5 
gram  of  metallic  mercury,  and  5 grams  of  potas- 
sium sulphate  in  a 500  c.  c.  Kjeldahl  flask  until 
the  carbon  had  been  completely  oxidized  and  all 
the  nitrogen  had  been  converted  to  ammonium 
sulphate.  Boiling  was  continued  for  two  hours 
after  the  solution  had  reached  the  straw-colored 
stage.  A crystal  of  potassium  permanganate  was 
then  added  after  the  solution  had  been  cooled  a 
few  minutes,  so  that  flashing  would  not  take 
place.  After  cooling,  the  solution  was  diluted 
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to  about  200  c.  c.  with  cold  water;  25  c.  c.  of 
potassium  sulphide  solution  (40  grams  of  potas- 
sium sulphide  per  liter)  were  added  to  precipi- 
tate the  mercurj,  and  100  c.  c.  of  saturated  sod- 
ium hydroxide  solution  were  carefully  ])Oured 
down  the  side  of  the  tlask  to  make  the  solutioTi 
alkaline.  One  to  two  grams  of  granular  zinc 
and  a little  paraffin  were  added  to  prevent  bump- 
ing and  foaming,  and  the  flask  was  at  once  con- 
nected through  a Kjeldald  connecting  bulb  with 
a condenser  and  the  ammonia  distilled  off  into 
25  c.  c.  of  one-fifth  normal  sul])huric  acid.  The 
distillation  was  continued  until  about  200  c.  c. 
of  distillate  had  passed  over.  The  excess  acid 
was  then  titrated  with  N/5  sodium  hydroxide 
solution,  using  cochineal  as  an  indicator.  The 
nitrogen  content  of  the  sample  was  computed 
from  the  volume  of  sulphuric  acid  solution  neu- 
tralized by  the  ammonia  formed  from  it.  For 
each  new  lot  of  chemicals  used,  a blank  deter- 
mination was  run  in  which  one  gram  of  ])ure 
saccharose  was  substituted  for  the  coal  or  shale 
sample.  The  nitrogen  shown  by  this  blank  deter- 
mination was  deducted  from  the  nitrogen  found 
in  each  determination  made  with  the  same  chem- 
icals. It  was  found  that  the  correction  factor 
was  almost  negligible. 

Sulphur  was  determined  only  in  those  samples 
treated  in  the  3500  c.  c.  retort  and  in  the  resi- 
dues from  those  tests.  The  well  known  Eschka 
method  was  employed.^ 

CHAPTER  VII. 

RESULTS  OF  CARBONIZATION  TESTS. 

During  the  present  investigation,  carbonization 
tests  were  made  on  122  samples.  The  numbers 
here  given  will  identify  the  samples  in  the  tables 
beginning  on  p.  88  and  are  used  also  to  indicate 
localities  on  the  maps. 

Allegheny  County 

1.  Canned  shale  from  roof  of  Upper  Freeport 
coal.  Diamond  Coal  and  Coke  Company’s  Oak- 
mont  No.  1 mine,  at  Barking  Station,  Plum 
Township. 
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2.  Bituminous  coal.  Ui)i)er  Iheeport  bed. 
Creighton  mine  of  Pittsburgh  Plate  Glass  Com- 
))any,  at  Creighton,  East  Deer  Township. 

3.  Cannel  shale  from  roof  of  Upper  Freeport 
coal.  See  2. 

4.  Cannel  shale  frojii  roof  of  Upj)er  I’reeport 
coal,  (above  No.  3).  See  2. 

5.  Bone  from  Upper  Freeport  coal.  Besse- 
mer No.  2 mine  of  Republic  Iron  and  Steel  Com- 
pany. 1 mile  south  of  Russellton,  West  Deer 
ToAvnshi]!. 

fi.  Cannel  shale  from  roof  of  Upper  Freeport 
co.al.  See  5. 

7.  Bone  from  Upper  Freeport  coal.  No.  1 
mine  of  Superior  Fuel  ('ompaiiy.  2,  :i  mill'  north- 
east of  Russellton,  West  Deer  Township. 

8.  Cannel  shale  from  roof  of  Upper  Freei>ort 
coal.  See  7. 

9.  Cannel  shale  from  roof  of  U]ip<*r  Freeimrt 
coal,  (above  No.  8)  See  7. 

10.  Cannel  shale  from  roof  of  Upp<u'  Freeport 
coal.  No.  1 or  Benjamin  mine,  of  Ford  Colliei- 
ies  Company.  1/3  mile  mu  Ih  west  of  Curtisville. 
West  Deer  Townshijn 

11.  Cannel  shale  from  roof  of  Upjier  Freeport 
coal.  No.  2,  or  Francis  mine  of  Ford  Collieides 
Company.  2/3  mile  west  of  Culmerville,  West 
Deer  Township 

12.  Cannel  shale  from  roof  of  Upper  Freeport 
coal.  No.  3 or  Berry  mine  of  Ford  Collieries 
Company,  at  Bairdford.  W(>st  Deer  Township. 

13.  Carbonaceous  shale.  Duquesne  horizon 
of  Conemaugh  formation.  From  outcrop.  Sample 
in  weathered  condition.  On  East  Fork  of  Sandy 
Creek  about  mile  above  White  Ash  (.Sandy 
Creek  Station),  Penn  Township. 

14.  Carbonaceous  shale.  Duquesne  horizon 
of  Conemaugh  foi’mation.  Represents  least 
weathered  material  obtainable  from  outci'op. 
Along  Beaver  and  Pittsburgh  road,  mile  south- 
east of  Bayne,  Franklin  Township. 

15.  Carbonaceous  shale.  From  roof  of  I’itts- 
l)urgh  coal.  Cut  along  Aylesboi-o  Avenue,  near 
Murray  Avenue,  Pittsburgh. 


1.  Stanton,  Frederick  M.  and  Fieldner.Arno  C.  op.  cit.  pp.  18-19. 
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Ariiisti-ong  (’ouiity. 

i(i.  Litnmiiious  yoal.  Lower  Kittaiiiiing  bed. 
Pine  Run  Coal  Company's  No.  7 mine.  1 mile 
sontli  of  New  Bothleliem,  MaliOining  Townslii]). 

IT.  Cannel  shale.  From  roof  of  Middle  Kit- 
anning  coal,  b'hristman  and  Dewey's  conntry 
l)ank,  at  Lacy’s  Store  along  Hart’s  Run,  Bradys 
P>end  Township. 

18.  Bituminous  coal.  Upper  Kittauning  bed. 
I*ine  Run  (’oal  Company’s  No.  9 mine.  1^4  miles 
south  of  New  Bethlehem,  Mahoning  Township. 

19.  Cannel  coal.  Upper  Kittanning  bed.  See 
IS. 

20.  “Curly”  or  “bird’s  eye”  cannel  coal.  Upper 
Kittanning  lied.  See  18. 

21.  Cannel  shale  from  Tapper  Kittanning  bed. 
See  18. 

22.  Carbonaceous  shale  from  roof  of  Upjier 
Kittanning  bed.  See  18. 

22.  Cannel  coal  from  T'pper  Kittanning  bed. 
From  country  Imnk  on  (1.  P.  Gruvei'  (formerly 
Schieck)  farm.  % mile  northeast  of  MclVilliams, 
aloiug  Sugar  Camp  Run,  Red  Bank  Township. 

21.  Cannel  coal  fi‘om  Uy»per  Kittanning  bed. 
Average  sample  from  dump  of  old  Gamier  mine. 

mile  north  of  Somerville,  near  head  of  Holder 
Rmi,  Bradys  Bend  Township. 

2-1.  Carlionaceous  shale  above  Upper  Kittaun- 
ing coal.  From  outcrop  miles  south  of  Adrian, 
along  branch  of  Liinestone  Run.  East  Fi-anklin 
Township. 

2b.  Carbonaceous  shale  above  Tapper  Kittann- 
ing coal.  See  25. 

2-7.  Caunel  shale  helow  U]»per  Kittanning 
coal.  See  25. 

28.  Bituminous  coal.  Lower  Fri'epoid  bed. 
T’rospect  opening  of  Pine  Run  Coal  Company, 
11/4  miles  south  of  New  Bethlehem.  iMahoning 
Township. 

29.  Cannel  shale.  Lower  Freeport  horizon. 

Average  sample  from  dump  of  old  Aladdin  Com- 
pnny’s  mine,  at  Aladdin,  Gilpin  Township. 

20.  Caunel  shale.  Lower  Freepoid  horizon. 

From  outcrop  at  Schenley,  Gilpin  Townshij). 

21.  Cannel  shale.  Lower  Freeport  horizon. 

Average  sample  from  dump  of  old  North  Ameri- 


can Company  mine.  Yi  mile  southeast  of  Schenley, 
Gi  1 pin  Township . 

22.  Bituminous  coal.  Upper  Freeport  bed. 
Pine  Run  Coal  Company’s  No.  10  mine.  IV2  miles 
south  of  New  Bethlehem,  Mahoning  Township. 

22.  Cannel  shale  from  roof  of  Upper  Freeport 
coal.  See  32. 

Beaver  County 

21.  Bituminous  coal.  Lower  Kittanning  bed. 
Country  bank  of  IVilliam  Fairweather,  at  Indus- 
try, Industry  Township. 

35.  Cannel  coal.  Upper  Kittanning  horizon. 
Paragon  Coal  and  Coke  Company’s  mine  on  Can- 
nel Run.  north  of  Cannelton,  Darlington  Town- 
ship. 

36.  Cannel  shale.  Upper  Kittanning  horizon. 
Wistar  Coal  Corporation’s  mine  on  Cannel  Run, 
north  of  CanneltOin,  Darlington  Township. 

37.  Bituminous  coal.  U])per  Kittanning  ho- 
rizon. Abandoned  mine  on  Caunel  Run,  north  of 
Cannelton,  Darlington  Township. 

28.  Cannel  coal.  Upper  Kittanning  horizon. 
See  27. 

29.  Cannel  coal.  Upper  Kittauning  horizon. 
See  27. 

10.  Caunel  shale.  Upper  Kittauning  horizon. 
See  37. 

11.  Cannel  shale.  Upper  Kittauning  horizon. 
IVistar  Coal  Corporation's  mine  on  Cannel  Run, 
north  of  Caniiielton.  Darlington  Township. 

12.  Bony  coal.  Probably  Upper  Kittauning 
horizon.  From  outcrop  along  small  run  empty- 
ing into  Beaver  River,  opposite  Beaver  Falls, 
Da  11  gl i er ty  Tow n sh i p . 

12.  Bituminous  coal.  T'])per  Freeport  bed. 
Keystone  Drilling  Comjiany’s  mine.  ^ mile 
north  of  Cannelton.  Darlington  Township. 

11.  Bituminous  coal.  Tapper  Freeport  bed. 
Pittsburgh-Cannelton  Coal  Co-mpany’s  mine.  ^ 
mile  west  of  Cannelton,  Darlington  Township. 

15.  Bituminous  coal.  I’robably  Mahoning  bed. 
Union  Clay  and  Coal  Com])any’s  mine.  13^  miles 
northwest  of  Cannelton,  Darlington  Township. 

16.  Cannel  shale.  Probably  Brush  Creek  hori- 
zon. Country  bank  of  Elmer  E.  Plugh.  23^  miles 
northeast  of  New  Brighton,  Daugherty  Town.ship. 
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47.  Carbonaceous  sliale.  Probably  P>rush 
Creek  horizon.  Sample  taken  from  weathered 
outcrop.  See  4(i. 

48.  Cannel  sliale.  Brush  Creek  horizon.  Coun- 
try bank  of  Samuel  Longnecker.  334  miles 
northeast  of  New  Brighton,  North  Sewickley 
Township. 

49.  Cannel  coal.  Bakerstown  horizon.  Aver- 
age sample  from  dump  of  old  country  bank  of 
J.  R.  Peters.  1 mile  east  of  Georgetown,  Greene 
Township. 

Blair  County. 

50.  Carbonaceous  shale.  Burket  horizon  of 
Upper  Devonian.  Weathered  sample  from  out- 
crop in  excavation  for  the  foundation  of  a house 
at  East  Altoona. 

Butler  County. 

51.  Bituminous  coal.  Brookville  bed.  Lower 
bench.  Bessemer  mine  of  Butts  Cannel  Coal 
Company,  Yz  mile  northeast  of  Deegan,  Venango 
Township. 

53.  Bituminous  coal.  Brookville  bed.  Upper 
bench.  Bessemer  mine  of  Butts  Cannel  Coal 
Company,  mile  northeast  of  Deegan,  Venango 
Township. 

5.3.  Cannel  coal.  Tapper  Kittanning  horizon. 
Average  sample  from  slack  dumj)  from  old  Aun- 
andale  No.  1 mine  of  Butts  Cannel  Coal  (''oni- 
pany,  at  Deegan,  'S'enango  Township. 

54.  Cannel  shale.  Upper  Kittanning  horizon. 
Average  sample  from  waste  dump.  See  53.. 

55.  Cannel  coal.  Upj)er  Kittanning  horizon. 
From  country  bank  of  IMyron  Campbell  heirs. 
11/2  miles  southwest  of  North  Washington.  Wash, 
ington  Township. 

50.  Carbonaceous  shale.  Ujiper  Kittainiiug 
horizon.  See  55. 

57.  Cannel  shale.  T"j)per  Kittanning  horizon. 
From  outcro])  along  creek  near  Shakeley  School, 
11/0  miles  southeast  of  Bruin,  Parker  Townshiji. 

58.  Cannel  coal.  Probably  Upper  Kittanning 
horizon.  Average  sample  from  dump  of  propect 
opening  on  dennings  O.  McCandless  farm,  along 


Swamp  Run.  Franklin  Township,  1 mile  west  of 
Unionville. 

59.  Cannel  shale.  I’roltaltly  I'] 'per  Kittanning 
horizon.  See  58. 

00.  Cannel  shale.  Probably  Upper  Kittanning 
horizon.  Average  sample  from  dump  of  prospect 
opening  on  J.  M.  McBride  farm,  along  Swamp 
Run,  Franklin  Township,  2 miles  northwest  of 
Unionville. 

01.  Cannel  shale.  Probal'ly  l.’pper  Kittanning 
horizon.  Sample  from  dump  of  old  prospect  oj)en- 
ing  along  Swamp  Run,  I14  miles  east  of  Isle. 
Franklin  Township. 

02.  Cannel  coal.  Probably  Upper  Kittanning 
horizon.  Country  bank  of  G.  W.  Currie,  2 miles 
north  of  Nealeys,  Worth  Township. 

03.  Carbonaceous  shale,  above  cannel  coal. 
Probably  Upj'er  Kittanning  horizon.  See  02 

04.  Cannel  shale.  Probably  Upper  Kittanning 
horizon.  From  dump  of  abandoned  prospect  open- 
ing, I mile  northwest  of  Queen  Junction,  Clay 
Townshii). 

05.  Cannel  shale.  I'ppcr  F'reeport  horizon. 
Countiw  bank  on  farm  of  .lohn  Marburger.  2 
miles  southeast  of  Fdvaus  City,  Forward  Town- 
shii). 

Center  CouTity, 

00.  Semi-bituminous  coal.  Lowei'  Kittanning 
or  B bed.  Moshannon  Coal  Company’s  No.  11 
mine,  south  of  Philipsburg. 

07.  Canneloid  semi-bitumiiious  coal.  Lower 

Kittanning  or  B horizon.  See  00. 

Clearfleld  County. 

08.  CaumJoid  semi-bituminous  coal.  Prob 

ably  Low(‘i*  Kittaiiruing  oi‘  B horizon.  CaTincl 
Crest  mine  of  Woodland  Cannel  Coal  Com])any. 
north  of  Woodland. 

09.  Canneloid  semi-bituminous  coal.  Prob- 

ably Middle  Kittanning  horizon.  Sample  from 
dump  of  abandoned  country  bank  on  Overly  farm, 
noi'th  of  IVoodland. 

70.  Semi-bituminous  coal.  Probably  T'pper 

Kittanning  horizon.  Sterling  Coal  Alining  Com 
pany's  No.  2 mine.  2 miles  southe.ast  of  ITontz 
dale,  ll’oodvard  Township. 
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71.  Canneloid  semi-bituminous  coal.  See  70. 

72.  Canneloid  semi-bituminous  shale.  See  70. 

73.  Carbonaceous  shale.  See  70. 

74.  Semi-bituminous  coal.  Lower  Freeport  or 
D horizon.  Hartley  No.  1 mine  of  J.  Swires, 
north  of  Graham  Station. 

Fayette  County. 

75.  Cannel  shale.  Redstone  horizon.  Weather- 
ed sample  from  prospect  opening  along  outcrop. 
Northeast  edge  of  New  Geneva,  Nicholson  Town- 
ship. 

Greene  County. 

76.  Cannel  shale.  Redstone  horizon.  From 
prospect  opening  on  E.  R.  Gabler  farm.  Vo  mile 
northwest  of  Greensboro,  Monongahela  Town- 
ship. 

77.  Bituminous  coal.  Sewickley  bed.  Country 
bank  on  farm  of  S.  I.  Black.  % mile  west  of 
Greensboro,  Monongahela  Township. 

78.  Carbonaceous  shale.  Uniontown  horizon. 
Weathered  sample  from  outcrop  along  small  run 
emptying  into  the  Monongahela  River,  % mile 
below  'Wliiteley  Creek,  Monongahela  Townsliip. 

79.  Bituminous  coal.  Waynesburg  bed.  More- 
dock  mine  of  American  Steel  Company,  1%  miles 
east  of  Waynesburg,  Franklin  Township. 

80.  Carbonaceous  shale.  Below  Washington 
coal.  Weathered  sample  from  outcrop  along  Piir- 
nian  Run,  at  AYaynesburg. 

81.  Carbonaceous  shale.  Above  Wasliington 
coal.  See  80. 

82.  Cannel  shale.  Below  Tapper  AA'’ashington 
coal.  From  prospect  opening  on  east  side  of 
Boyd  Run.  2 miles  above  inouth,  AA’'ashingt('n 
Township. 

Indiana  County. 

S3.  Cannel  coal.  Tipper  Kittanning  horizon. 
Bicknell  Brothers  mine  near  head  of  Crooked  Run, 
<lrant  Township,  3 miles  soutli  of  Savan. 

84.  Cannel  shale.  See  83. 

S.A.  Bone  from  Upper  Freeport  bed.  Jefferson 
and  Clearlield  Coal  and  Ti'on  Company’s  No.  2 
mine,  at  Ernest,  Rayne  Township. 


86.  Carbonaceous  shale.  Possibly  Bakerstown 
horizon.  AA’^eathered  sample  from  outcrop  near 
head  of  small  run  flowing  northward  into  Cowan- 
shannock  Creek,  in  South  Mahoning  Township, 
1 mile  east  of  Barnards. 

Jefferson  County. 

87.  Cannel  shale.  Roof  of  Lower  Freeport  coal. 
Jefferson  Coal  Company’s  No.  8 or  Big  Ben  mine, 
at  Coal  Glen. 

Lawrence  County. 

88.  Cannel  shale.  Probably  Upper  Kittanning 
horizon.  Average  sample  from  dump  at  old 
abandoned  country  bank  on  Thomas  M.  Stewart 
farm,  ly^  miles  southeast  of  Mountair,  Little 
Beaver  Township. 

Luzerne  County. 

89.  Anthracite.  Hillman  bed.  Stanton  No.  7 
mine  of  Lehigh-Wilkes-Barre  Coal  Company,  at 
AA^ilkes-Barre. 

90.  Canneloid  anthracite  from  Hilman  bed. 
Stanton  No.  7 mine  of  Lehigh-Wilkes-Barre  Coal 
Company,  at  Wilkes-Barre. 

Lycoming  County. 

91.  Semi-bituminous  coal.  “B”  bed.  Ralston 
Coal  Company’s  mine  on  Red  Run,  just  west  of 
Ralston. 

Mercer  County. 

92.  Cannel  shale.  Probably  Sharon  coal  hori- 
zon. Average  sample  from  dump  of  abandoned 
prospect  on  southeast  side  of  Neshannock  Creek, 
% mile  northeast  of  Leesburg  Station,  Springfield 
Township. 

93.  Bituminous  coal.  Brookville  bed.  Dia- 
mond No.  3 mine  of  the  Scotch  Hills  Coal  Com- 
pany, 2 miles  east  of  Grove  City,  Pine  Township. 

Sullivan  County. 

94.  Semi  anthracite.  Bernice  or  “B”  bed. 
Northern  Anthracite  Coal  Company’s  Murray 
mine,  at  Lopez. 


SOURCE  OF  SAMPLES 


Tioga  County. 

1C).  S(uiii-l)iTuuiinous  coal.  Bloss  bed.  Bower 
t'oal  Cniiiiiany's  mine,  at  Blossburg. 

Ob.  Cail)Onaceous  shale.  Caiinel  bed.  No.  L”) 
drift  of  .Mori-is  Kuii  Coal  Mining  ('ompaiiy.  at 
Morris  Bun. 

07.  ( ■anneloid  semi  l)iluniinous  sliale.  Cannel 

bed.  No.  l-j  drift  of  IMorris  Bun  Coal  .Mining 
t'oni|)anv.  at  Morris  Run. 

Washington  ( 'ounty. 

98.  Bituminous  coal.  Pittsburgh  bed.  Arden 
No.  2 mine  of  the  Meadowland  Coal  Comi)any. 
fi/4  miles  northwest  of  Arden,  ('hartiers  Town- 
ship. 

99.  Bituminous  coal.  Pittsburgh  bed.  Ells- 
worth Collieries  Company's  No.  2 mine,  at  Ells- 
worth. 

100.  Coal  washer  refuse  from  Pittsburgh  coal. 
Ellsworth  Collieries  Company’s  washer  at  Ells- 
worth. 

101.  Bituminous  coal.  Pittsburgh  bed.  Ameri- 
can Zinc  a.ml  ('liemical  (’ompany's  mine,  at  Lange- 
loth. 

Westmoreland  County. 

I(l2.  ('annel  shale.  Lou mr  Free])ort  horizon. 
From  outcrop  along  small  run  flowing  northward 
into  Kiskiminitas  Kiver.  ^4  mile  southeast  of 
Kiskiminitas  Jun'-tion.  Allegheny  Township. 

103.  Cannel  shale.  See  102. 

104.  Cannel  ■<lmle.  Lower  Freeport  hprizon. 

Average  sample  from  old  dump  of  Lucesco  Com- 
pany's mine  along  Luta^sco  Hollow,  south 

of  Kiskiminitas  Junction.  Allegheny  Township. 

UC).  Bituminous  coal.  Upper  Freeport  bed. 
Valley  Camp  No.  3 mine  of  'S'alley  ('amp  Coal 
Company,  along  Pucketa  Creek,  1 mile  east  of 
Parnassus.  Lower  Burrell  Township. 

106.  Bone  from  Upper  Freeport  bed.  See  105. 

107.  Cannel  shale  from  roof  of  Tapper  Freeport 
bed.  See  105. 

108.  Cannel  shale  from  roof  of  Upper  Freeport 
bed.  Darlington  t'oal  Alining  Company's  mine  at 
Darlington.  Ligonier  Township. 


Samples  fi'om  oilier  Slates. 

1(19.  Oil  shale.  Chattanooga  (Upper  Dexoii- 

ian  I shale.  Sample  collected  by  ('lias.  B.  I'eiiki' 
from  out -rop  near  Cleans  ]>ost  office.  Mont^oim  ly 
('ounty.  Kentucky. 

111).  Oil  shale.  Ohattauooga  (Upper  Di'W/n- 

ian  I shale.  Sample  recei\ ed  from  S.  E.  Barnwell, 
taken  from  property  of  the  Devon  oil  Shah' 
Products  t'ompany,  aliout  1 mile  east  of  Clay  ('ity. 
Powi'll  ('ounty.  Kentucky. 

111.  Oil  shale.  Chattanooga  (Upper  Oevon- 

ian  I shale.  Sample  collected  by  Chas.  K Fettl  e 
from  the  outcrop  on  Long  Fork  Creek,  near  Bed- 
toiling  Springs.  IM.acon  County.  Tennessee. 

112.  Oil  shale.  Nova  Seotia.  Beccuved  from 
Bichard  B.  Rice,  former  State  Oeologist  of  Penn- 
sylvania. Exact  lo-ality  not  known. 

113.  Oil  shah*.  Oreen  Biver  formatio>n.  Bep- 
r(*sentativ<*  sample  taken  liy  Chas.  B.  Fettke  from 
tin*  outcro])  of  a rich  Ix'd  of  shale.  1 foot  thick. 
u(*ar  the  top  of  the  clift'  at  the  head  of  Cottonwood 
(Tulch.  northeast  of  ( iraml  Valley,  Oarfield  County. 
Colorado. 

114.  Oil  shale.  Ore(*n  Biver  formation.  Bep- 
i*(*sentative  saiu]>le  taken  by  Chas.  B.  Fettke  from 
the  outcrop  of  a lean  bed  of  shale,  40  feet  thick. 
See  113. 

115.  oil  shale.  Oreen  Biver  formation.  Sam- 
ple of  crushed  shale  received  from  A.  G.  Fisher, 
taken  from  storage  bin  of  Monardi  Oil  Shale  ''om- 
]>any,  on  Conn  Ci*eek,  (Tartic'hl  County.  12  mih*s 
north  of  De  B(*que.  ('olorado. 

116.  Oil  shale.  Green  Biver  formation.  Small 
sample  of  rich,  so-called  ■■wurtzilite"  shale.  i*e- 
ceived  from  Lewis  W'.  Leadi.  Taken  from  pi-oji- 
erty  of  Colorado  Carbon  ( 'ompany.  at  the  head 
of  Kimball  Creek.  Garfield  County,  north  of  De 
Deque,  Colorado. 

117.  Oil  shale.  Green  River  formation.  Sam- 
ple of  rich  shale  received  from  Joseph  Beilis. 
Obtained  near  Grand  Valley.  Garfu*ld  County. 
Colorado. 

118.  Oil  shale.  Green  River  formation.  Sam- 
ple of  rich  shale  received  from  Nile  Rughel. 
Obtained  near  "Watson.  Tdnta  County.  T'tali. 
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11!).  Lignite'.  Fort  Union  beds  of  Eocene  nge. 
Sainplo  i('ceiv(*(l  from  iNiartin  Olsen.  Obtained 
neai-  Kenniare.  ’Ward  (^’onnty,  North  Dakota. 

120.  Lignite.  Tertiary.  Sample  obtained  from 
Donald  \V.  Loss  from  .Mississippi  (exact  locality 
not  kno\e  n i. 

121.  Oil  shale.  Probably  Miocene.  Average 
sample  taken  by  Chas.  R.  Fettke  from  dump  at 
mine,  Catlin  Shale  Products  Company’s  projeerty. 
Id/,  miles  southwest  of  Elko,  Nevada. 

122.  Oil  shale.  Probably  Miocene.  Sample 
rec(‘iv('d  fi-om  W.  L.  Slieeler.  Obtained  from 


property  of  Catlin  Shale  Products  Company,  li/o 
miles  southwest  of  Elko,  Nevada. 

Unless  otherwise  stated  all  of  the  samples  listed 
were  collected  in  the  field  by  th.e  writer. 

A summary  of  the  results  of  all  the  carboniza- 
tion tests  made  on  the  samples  just  described, 
including  yields  of  oil  or  tar  and  ammoinnical 
liquor  in  gallons  per  ton  (i2,U00  pounds)  of  coal 
or  shale,  the  specific  gravities  of  the  oil  or  tar, 
and  the  weight  of  the  residue  (pounds  per  tom, 
is  given  in  the  following  table; — ■ 


Carbonization  tests  on  coal  and  carbonaceous  shale. 


No.  of 
saniiile 

Character  of 
sample 

Locality 

Oil  or 
tar, 
gallon'. 

Specific 
gravity 
of  oil  or 
tar 

Ammon- 

iacal 

liquor, 

gallons 

Weight 
of  resi- 
due, 
pound? 

Retort  used 

PENNSYLVANIA 

-Allegheny  County 

1 . 

Gunnel  shale.  Upper  Freeport 

Barking  .Station  ..  

25.5 

.9011 

13.1 

1,575 

U.  S.  B.  M. 

2. 

Bituminous  coal,  Upper  Free- 

port  . _ ...  

Creighton  - 

24.8 

.9796 

16.9 

,368 

Gannel  hull'.  Upper  Freeport 

do. 

29.6 

.9217 

11.1 

1,529 

U.  S.  B.  M. 

do. 

do. 

:io.4 

.9226 

12. .5 

1,479 

1800  cc. 

4. 

Cannel  shale,  Upijer  Freeport 

do. 

13.4 

.9185 

11.3 

1,719 

U.  S.  B.  M. 

4. 

do. 

do. 

15.7 

.931.S 

10.7 

1,653 

1800  CC. 

Bone,  Upper  Freeport  _ 

Ru^foUton,  1 mi.  S.  

10.9 

.9850 

17.2 

1,667 

U.  S.  B M. 

Cannel  .shale,  Upper  Freeport 

do. 

'20.4 

.9197 

11.1 

1,580 

U.  S.  B.  M. 

7 . 

Bone,  Upi)cr  Freeport  

16.3 

.9829 

1.J.7 

TT  S R M 

7. 

do. 

do. 

18.1 

.9828 

15.3 

1 ,574 

1800  cc. 

8. 

Cannel  shale,  Upper  Freeport 

do. 

,314.7 

.8968 

9.5 

1,485 

U.  S.  B.  M. 

do. 

do. 

.36.7 

.9006 

12.2 

1,427 

1800  cc. 

i). 

Cannel  shale.  Upper  Freeport 

do. 

17,6 

.9238 

10.2 

1,628 

U.  S.  B.  M. 

9. 

do. 

do. 

13.8 

.7281 

12.0 

1,583 

1800  CC. 

10. 

Cannel  shale.  Upper  Freeport 

Curtisville.  . 

26.8 

.9203 

10.3 

1,600 

U.  S.  B.  M. 

in. 

do. 

do. 

27.7 

.92;-:^; 

11.0 

1,.;69 

U.  S.  B.  M. 

10. 

do. 

do. 

31.2 

.9:172 

8.7 

1 ,.516 

1800  cc. 

11. 

Cannel  shale.  Upper  Freeport 

Culmerville  

.31.4 

.0094 

10.5 

1..539 

u.  S.  B.  M. 

V2. 

Cannel  shale.  Upper  Freeport 

Bairdford  --  

.30.0 

.9-290 

11.0 

1..522 

U.  S.  B.  M. 

v>. 

Carbonaceous  shale,  Duquesne 

(weathered)  . 

4.6 

.9.588 

15.2 

1,770 

U.  S.  B.  M. 

14. 

Carbonaceoiu  .“hale,  Duquesne 

(weatheredl  . 

8 7 

.8866 

23.7 

1,620 

U.  S.  B.  M. 

1.5. 

Carbonaceous  shale,  Pittsburgh 

(weathered) 

6.. 5 

.8710 

13.4 

1,782 

U.  S.  B.  M. 

Armstrong  County 

10. 

Bituminous  coal.  Lower  Kittann- 

ing 

•2,2.0 

.9901 

19.0 

1,383 

1800  cc. 

17. 

Cannel  shale.  Middle  Kittaii- 

ning  

2S  0 

12.6 

..528 

L'.  S.  B.  M. 

17. 

do. 

do. 

30.8 

.9699 

10.1 

1,495 

1800  cc. 

18. 

Bituminous  coal.  Upper  Kittan- 

ning  __  

26  1 

.968.8 

16.5 

1,352 

1800  cc. 

If). 

Cannel  coal.  Upper  Kittanning 

do. 

3-2.9 

.9124 

9.0 

1.536 

U.  S.  B.  M. 

49. 

do. 

do. 

31.6 

.9063 

9.1 

1,-180 

psno  cc. 

20. 

“Curly”  cannel  coal.  Upper  Kit- 

tanning  . ..  

do. 

.34.6 

.9-201 

9.4 

1 ,4.54 

U.  S.  B.  M. 

21 . 

Cannel  shale.  Upper  Kittanning 

tlO. 

2-2.3 

.9663 

9.5 

,633 

U.  S.  B.  M. 

22. 

Carbonaceous  shale.  Upper  Kit- 

tannine 

do. 

7.8 

.9094 

11.7 

1,78:3 

U.  S.  B.  M. 

•23. 

Cannel  coal.  Upper  Kittanning 

Ginver  farm,  Bed  Bank  Township  

30.7 

.9268 

9.9 

1.481 

U.  S.  B.  M. 

24. 

Cannel  coal,  Upper  Kittanning 

(weathered) 

Ganner  mine,  Bradys  Bend  'I’ownship  __ 

34. s 

.9;i83 

11.2 

,455 

U.  S.  B.  M. 

25. 

Carbonaceous  shale.  Upper  Kit- 

tanning,  (weathered) 

3.4 

.9546 

12.5 

1.801 

U.  S.  B.  M. 

25. 

do. 

do 

3.9 

.9682 

1.3.3 

1,782 

1800  CC. 

20. 

Carbonaceous  shale,  Upper  Kit- 

tanning,  (weathered) 

do. 

fi.O 

.9372 

1 1.4 

1.741 

U.  S.  B.  M. 

27. 

Cannel  shale.  Upper  Kittanning 

(weathered)  _ _ 

do. 

13.6 

.9164 

15.5 

1,617 

U.  S.  B.  M. 

28. 

Bituminon  • coal.  Lower  Free- 

port  

23.4 

.9967 

14.9 

1,401 

1800  CC. 

29. 

Cannel  fhalc.  Lower  Freeport 

(weathered)  . 

Xy.i 

.9048 

9.8 

1 ,505 

U.  S.  B.  M. 

29. 

do. 

do. 

36.3 

.90.86 

9.1 

1,485 

1800  CC. 
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Carbonization  tests  on  coal  and  carbonaceous  shale  (cont’d.) 


Specific 

Ammon- 

Weight 

No.  of 

Character  of 

Locality 

Oil  or 

gravity 

iaeal 

of  resi- 

Retort  u>.i] 

sample 

Sample 

tar. 

of  oil  or 

liiiuor , 

line. 

gallon: 

tar 

giillons 

pound 

30. 

Camiel  shale,  Lower  Freeport 

(weathered)  

23.9 

.89;>4 

18.3 

] .4  .-0 

U.  8.  B.  M. 

31. 

Carmel  shale,  Lower  Freeport 

(weathered)  

34.5 

.8870 

10.0 

1 ,:i06 

U..S.  B.  M. 

33. 

Bituminous  coal.  Upper  Free- 

port  

25.  S 

1.0058 

13.7 

1,416 

1300  cc. 

33. 

! 

Cannel  shale.  Upper  Freeport 
Bituminous  coal.  Lower  Kittan- 

do. 

Beaver  Count g 

18.3 

.9.595 

13.2 

i.y;i 

U.  8.  B.  if. 

34. 

ning  

24.6 

.9'iOS 

11.9 

1.241 

IbtX)  cc. 

3o'. 

Cannei  coal.  Upper  Kittanning 

.'.4.3 

.9571* 

8.4 

1,317 

U.  8.  B.  if. 

So.  ; 

do. 

do. 

8. 7 

l.;u8 

r.  s.  p.,  M. 

35.  ] 

do. 

do. 

.56.1 

.9519* 

8.2 

1,332 

:1.500  cc. 

So.  1 

do. 

do. 

48.. 5 

.9452* 

8.2 

1,:«S 

.3500  CC. 

sc.  : 

Cannel  shale.  Upper  Kittanniug 

Wi'^tar  Corp.,  Oannelton  - 

44.0 

.9.399 

9.5 

1,4:;T 

U.  8.  B.  >1. 

37.  ' 

Bituminotis  coal.  Upper  Kittan- 

ning  

:U.S 

48.2 

.97.32 

.9279 

16.6 

1,291 

ISOO  cc. 

38. 

Cannel  coal.  Upper  Kittanning 

do. 

12.2 

1,299 

U.  8.  B.  M. 

38. 

do. 

40.3 

.9323 

12.4 

1,.320 

U.  8.  B.  M. 

38. 

do. 

do. 

do. 

46.9 

.9325 

14.2 

1.292 

ISOO  CC. 

:J9. 

Cannel  coal.  Upper  Kittarming 

49.4 

.9369 

10.5 

1,277 

U.  S.  B.  M. 

40. 

Cannel  shale.  Upper  Kittanning 

;;o.7 

.9^2 

10.7 

1.514 

U.  8.  B.  M. 

40. 

do. 

32.  G 

.9361 

11.9 

1,522 

U.  S.  B.  M. 

40. 

do. 

:;4.5 

.9372 

10.2 

1,496 

1800  cc. 

41. 

Cannel  shale,  Upper  Kittanning 
Bony  coal.  Probably  Upper  Kit- 

1.5. 0 

.9320 

13.0 

1,6.53 

L7.  S.  B.  M. 

42. 

tanning  _ ___  _ . 

26.5 

.9776 

11.2 

I.4..5I 

U.  8.  B.  M. 

43. 

Bituminous  coal.  Upper  Free- 

port  - . 

23.2 

1.0014 

18.6 

1,38.5 

1800  cc. 

44. 

Bituminous  coal.  Upper  Free- 

port  - 

24 . 1 

1.0151  ■ 

19.. 3 

,:oi 

; .5no  ( <•, 

43. 

Bituminous  coal.  Probably 

Mahoning 

Union  C.  & C.  Co.,  Cannelton  

Plugli,  country  bank,  Uaugberty  Town- 

,9997 

17.4 

1.337 

13(10  cc. 

40. 

Cannel  shale.  Probably  Brush 

•^3  S 

.9.566 

11.9 

1,456 

U.  8.  B.  11. 

do. 

40. 

do. 

24.7 

.96:35 

12.4 

1,427 

1800  cc. 

47. 

Carbonaceous  shale.  Probably 

Brush  Creek,  (weathered)  — 

5.1 

.9268 

20.4 

.65:1 

U.  S.  B.  11. 

48. 

40. 

Cannel  shale.  Brush  Creek  

Cannel  coal,  Bakerstown  (wea- 

Longnecker.  country  bank.  North 

22.0 

.9616 

15.3 

1,485 

U.  8.  B.  M. 

Creene  Township  

94.5 

.9806 

16.0 

1,:;46 

XJ . S . B . M . 

50. 

Carbonaceous  shale,  Burket 

Blair  County 

East  .Mtonna,  --  --  — -__  - 

none 

11.5 

1,873 

U.  S.  B.  M. 

51 . 

Bituminous  coal,  (lower  bencli) 

Butler  County 

Brookville 

21.8 

1.0092 

19.1 

1 .:162 

1800  cc. 

52. 

Bituminous  coal,  (upper  bench) 

do. 

23.5 

,37.2 

.9947 

.9.519 

18.8 

13.2 

1 ,374 
1,427 

1800  cc. 

U.  8.  B.  M. 

53. 

Cannel  coal,  LTpper  Kittanning 

54. 

Cannel  shale.  Upper  Kittanning 

28.9 

.9.y)4 

1.3.4 

1,492 

U.  8.  B.  M. 

00. 

Cannel  coal.  Upper  Kittanning 

34.4 

.9.572 

13.2 

1,418 

U.  S.  B.  M. 

55. 

do. 

do. 

32.7 

,9447 

14.0 

1.400 

1800  cc. 

5C. 

Carbonaceous  shale,  Upper 

do. 

11.8 

.9.553 

12.3 

1,585 

U.  8.  B.  M. 

57. 

Cannel  shale,  Uiiper  Kittan- 

ning  (weathered)  

Parker  Township  

27.3 

.9278 

i::.6 

1 ,.574 

[T.  8.  B.  M. 

58. 

Cannel  coal.  Probably  Upper 

Mel^andless  prospect , Franklin  Town 

Kittanning 

11.  1 

.941  .“I 

10.9 

1,34.8 

r.  8.  B.  M. 

56. 

do. 

do. 

111.3 

.94:S 

11.1 

1.327 

1800  cc. 

59. 

Cannel  shale.  Probably  Upper 

Kittanning  ... 

do. 

do. 

2^4  0 

.958:4 

11.8 

.40.3 

U.  S.  B.  M. 

.59. 

do  . 

90.9 

.9478 

10.7 

1 ,413 

1800  cc. 

60. 

Cannel  shale.  Probably  Upper 

61. 

Kittanning  ..  _ 

Cannel  shale.  Probably  Upper 

MeBride,  Franklin  Township 

20.0 

.e.51.5 

13.7 

1 ,5:58 

U.  8.  B.  If. 

Kittanning  

20.7 

.9.V24 

17.1 

.528 

r.  .S.  B M. 

02. 

Cannel  coal.  Probably  Upper 

Kittanning  _ 

('iTri‘,  eoiintrv  bank.  Worth  Township  . 

.33.0 

.9651 

14.5 

1..398 

U.  8.  B.  M. 

ce. 

do. 

do. 

99.4 

.968:1 

13.7 

1 .376 

CC. 

63. 

Carbonaccoui  shale.  Pi'Obably 

Upper  Kittanning  ..  

do . 

14.8 

.9648 

It. .5 

1 ,roi 

U.  .S.  H.  11. 

64. 

Cannel  .shale.  ProUablv  Upper 

Kittanning  (weathered) 

Clay  Township  ___  ___  _ _ ._ 

.96.9 

.9420 

12.4 

1 .407 

U.  8.  B.  M. 

05. 

Cannel  shale.  Upper  Freeport  __ 

MarbU(rge,r,  eountrv  hank.  Forward 

' 

92.6 

,9648 

11 .3 

1 . 4:4.5 

U.  S.  B.  11. 

Center  County 

00. 

Semi-bituminous  coal.  Lower 

Kittanning  ._  _ __  

Mosliannon  No.  11  mine  Philipshurg,__ 

10.0 

1.0a53 

8.9 

1 ,.572 

1800  cc. 

67. 

Canneloid  .semi-bituininous  coal. 

Lower  Kittanning  _ _ 

do. 

9.0 

.909:5 

9.7 

1,6<J9 

U.  S.  B.  M. 

67. 

do. 

■to. 

9.9 

.949.'i 

9.4 

1 .6:4 

1800  cc. 
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Carbonization  tests  on  coal  and  carbonaceous  shale  (cont’d.) 


No.  of 
sample 

! Character  of 

sample 

! 

Locality 

Oil  or 
tar, 
gallons 

i Specific 
gravity 
of  oil  or 
j tar 

Ammon- 
1 iacal 
1 liquor, 

! gallons 

Weight 
of  resi- 
due, 
pounds 

Retort  used 

I Clearfield  County 

es. 

Canneloid  semi-bituminous  coal. 

Camel  Crest  mine.  Woodland  

i 

I 

Probably  Lower  Kittanning  . 

; 10.3 

.9310 

7.5 

1,682 

U.  S.  B.  M. 

68. 

do. 

' do. 

10.9 

.9418 

7.7 

1 1,643 

1800  cc. 

69. 

Canneloid  semi-bituminous  coal 

1 

1 

Probably  Middle  Kittanning 

1 

(weathered)  

Overlv  farm.  Woodland 

11.1 

1 .9744 

1 9.5 

1,637 

U.  S.  B.  M. 

70. 

; Semi-bituminous  coal.  Probably 

I 

' 

j 

Upper  Kittanning  

Sterling  No.  2 mine,  Woodward  Tomi- 

10.4 

.9866 

8.3 

1,685 

lax)  cc. 

71. 

Canneloid  semi-bituminous  coal 

ship __ 

1 

1 

Probably  Upper  Kittanning 

1 do. 

, 9.3 

.9941 

6.4 

1,676 

U.  S.  B.  M. 

71. 

do. 

do. 

! 9.4 

.9943 

, 8.0 

1,661 

1800  cc. 

72. 

Canneloid  s e m^  i-bituminous 

1 

1 

shale.  Probably  Upper  Kit- 

1 

! 

1 

1 tanning  

1 do. 

4.5 

.9516 

10.2 

' 1,797 

U.  S.  B.  M. 

73. 

1 Carbonaceous  shale.  Probably 

1 

Upper  Kittanning  

! do. 

1.5 

.9211 

10.7 

1,843 

U.  S.  B.  M. 

74. 

j Semi-bituminous  coal.  Lower 

i 

1 

i Hartley  mine,  Graham  Station  

6.8 

1.0330 

11.0 

1,609 

1800  cc. 

I 

Payette  County 

75. 

Camiel  shale,  Redstone 

1 

Ni*phn]srvn  Tniynship 

1 10.6 

.8607 

i 21.8 

1,618 

U.  S.  B.  M. 

Greene  County 

76. 

Cannel  shale,  Redstone  

Gabler  prospect,  Monongahela  Town- 

ship  - 

26.5 

.8820 

12.3 

1,515 

U.  S.  B.  M. 

76. 

do. 

do. 

26.7 

.8808 

12.4 

1,532 

U.  S.  B.  M. 

76. 

do. 

do. 

27.1 

.8854 

12.6 

1,509 

1800  cc. 

77. 

Bituminous  coal,  Sewiekley 

Black  country  bank  Monongahela  Town- 

ship  

23.8 

1.0139 

12.6 

1,409 

1800  cc. 

78. 

Carbonaceous  shale,  Unlontown 

7 4 

.8726 

12.8 

1,787 

U.  S.  B.  M. 

79. 

Bituminous  coal,  Waynesburg 

Moredock  mine,  Franklin  Township 

26.2 

1.0411 

13.6 

1,427 

1800  ce. 

80. 

Carbonaceous  shale,  below  Wash- 

ington  coal  (weathered)  

Furman  Run,  Waynesburg  

11.1 

.8736 

17.6 

1,718 

U.  S.  B.  M. 

81. 

Carbonaceous  shale,  above  Wash- 

ington  coal  (weathered)  

do. 

2.9 

.8989 

21.4 

1,703 

U.  S.  B.  M. 

S3. 

(’annel  .shale.  above  Upper 

Washington  limestone 

Boyd  Run,  Washington  Township  

11.2 

.9140 

10.2 

1,642 

U.  S.  B.  M. 

Indiana  County 

83. 

Caiiiiel  coni,  I'pper  Kittanning  . 

Bicknell  Bros,  mine,  Grant  Township  .. 

19.0 

.9490 

11.4 

1,'545 

1800  ce. 

84. 

Cannel  shale,  Upper  Kittanning 

do. 

5.3 

.9497 

11.7 

1,686 

U.  S.  B.  M. 

85. 

Bone,  Upper  Freeport  

Ernest,  Rayne  Township  

10.5' 

.9868 

14.3 

1,673 

U.  S.  B.  M. 

86. 

Carbonaceous  shale.  Possibly 

BakerstoTO  (weathered)  

South  Mahoning  Township 

6.3 

.9418 

12.2 

1,623 

U.  S.  B.  M. 

Jefferson  County 

87. 

Cannel  .-liale.  Lower  Freeport  -- 

Coal  Glen  

29.6 

.9481 

7.0 

1..534 

U.  S.  B.  M. 

Lawrence  County 

98. 

Cannel  shale.  Probably  Upper 

Kittanning  

Stewart  farm.  Little  Beaver  Township 

37.4  ' 

.9420 

11.5 

1,429 

U.  S,  B.  M. 

Luzerne  County 

i 

89. 

Anthracite,  Hillman  bed  

9.0 

1,901 

U.  S.  B.  M. 

89. 

do. 

do. 

non< 

7.2 

1,897 

1800  cc. 

DO. 

Canneloid  anthracite,  Hillman 

1 

bed  

noTU 

7.0 

1,915 

i 

r.  s.  B.  M. 

T.yenniing  County 

91. 

Semi-bituminous  coal.  “B”  bed 

Ral.stnn 

1 

1.0622 

8.4  1 

1,733 

1800  cc. 

Mercer  County  I 

1 

92. 

Cannel  shale.  Probably  Sharon 

Springfield  Township  

a 

.3810 

11.5 

1,374 

U.  S.  B.  M. 

92. 

do.  I 

do. 

a 

.8742 

12.1 

1,336 

1800  cc. 

93. 

Bituminous  coal,  Brookvllle  — 

Diamond  No.  3 mine,  Pine  Township  — 

1.0208* 

19.4 

1,335 

3500  cc. 

9S. 

do.  ! 

do. 

24 

1.0124* 

18.2 

1,471 

3500  ec. 

Sullivan  County 

94. 

Semi-anthracite,  Bernice  or  “B” 

1 

I 

bed  

7.2  ; 

1,815 

1800  cc. 

CARBONIZATION  TESTS 


I'l 


Carbonization  tests  on  coal  and  carbonaceous  shale  (cont’d.) 


No.  of 
sample 

Character  of 
sample 

Locality 

Oil  or 
tar, 
gallons 

Specific 
gravity 
of  oil  or 
tar 

Ammon- 

iacal 

liquor, 

gallons 

Weight 
of  resi- 
due, 
pounds 

Retort  used 

'i'ioga  County 

95. 

Semi-bituminous  coal,  Bloss  bed 

Bower  mine,  Blossburg  

6.2 

1.0253 

7.2 

1,666 

1800  cc. 

96. 

Carbonaceous  shale.  Cannel 

2.5 

.9187 

12.3 

1,797 

U.  S.  B.  M. 

97. 

Canneloid  semi-bitumlnous  shale 

Cannel  bed  . 

do. 

2.6 

.8933 

12.3 

1,774 

U.  S.  B.  M. 

Wasliiogton  County 

9S. 

Bituminou'  coal,  Pittsburgh  .. 

.Arden  No  2 mine,  Chartiers  Township 

29.0 

1 .0258* 

19.3 

1,341 

3500  cc. 

9S. 

do. 

do. 

30.1 

1.0399* 

16.9 

1,378 

3600  CC. 

99. 

Bituminous  coal,  Pittsburgh  .. 

Kllsworth  

23.3 

1.0101 

14.4 

1,429 

1800  CC. 

mo. 

Coal  waslier  refuse  from  Pitts- 

burgh  coal  

do. 

3.6 

1.0050 

20.0 

1,696 

U.  8.  B.  M. 

101. 

Bituminous  coal,  Pittsburgh  .. 

T.angeloth  

19.3 

1.01,39 

18.3 

i,.3r2 

IsOO  CC. 

Westniori'land  County 

102. 

Cannel  .shale.  Lower  Freeport 

Kiskiminitas  -Junction  

37.1 

.SSSo* 

14.0 

1,47.5 

U.  .S.  B.  M. 

102. 

do. 

do. 

38.2 

.8901  - 

13.1 

1,46<3 

U.  S.  B.  M. 

102. 

do. 

do. 

37.0 

.8811* 

11.7 

1,460 

3500  cc. 

102. 

do. 

do. 

36.0 

.8790* 

10.3 

1,499 

.3.500  CC. 

lOS. 

Cannel  .-hale.  Lower  Freeport 

do. 

o9.4 

.8941 

10.0 

1,4(!6 

U.  8.  B.  M. 

103. 

do. 

do. 

37.6 

.8894 

10.6 

1,470 

r.  S.  B.  M. 

103. 

do. 

do. 

33.3 

..8890 

10.1 

1,4.>3 

1800  cc. 

104. 

Cannel  .shale,  Lower  Freeport 

Lueesoo  mine,  Kiskiminitas  Junction  __ 

36.3 

..8873 

13.1 

1,493 

C.  S.  B.  M. 

105. 

Bituminous  coal.  Upper  Free- 

23. S 

1.0144* 

1.5.3 

1,.?72 

3500  cc. 

105. 

do. 

do. 

23.4 

1.0000* 

13.3 

1,510 

:3500  cc. 

106. 

Bone,  Upper  Freeport  

do. 

16.3 

1.0167* 

17.5 

1..144 

U.  S.  B.  if. 

106. 

do. 

do. 

16.8 

1.0127* 

17.5 

1,5S0 

U.  S.  B.  if. 

lOi.l. 

do. 

do. 

14.8 

1.01-38* 

17.3 

1,-585 

.>500  CC. 

106. 

do. 

do. 

14.9 

1.0070* 

16.4 

1.5:39 

3;500  CC. 

100. 

do. 

do. 

13.8 

1.0037* 

15.3 

1,538 

.3500  CC. 

106. 

do. 

do. 

15.6 

1.0074* 

15.9 

1,586 

3500  CC. 

107. 

Cannel  shaie,  Upper  Freeport 

do. 

.39.2 

.9044* 

10.2 

1,4:30 

U.  S.  B.  M. 

107. 

do. 

do. 

39.1 

.oaio* 

11.4 

1,4:31 

U.  S.  B.  M. 

107. 

do. 

do. 

3S.2 

.897Ty» 

10.0 

1,446 

‘■>500  cc. 

107. 

do. 

do. 

.38.2 

.9058* 

10.2 

, 44^) 

3500  CC. 

108. 

Cannel  shale.  Upper  Freeport 

Darlington  

11.3 

.96.56 

7.8 

.641 

U.  S.  B.  M. 

Samples  from  other  State* 

109. 

8.6 

.9.337 

13.4 

1,724 

U.  S.  B.  M. 

110 

17.7 

.9224* 

7.6 

1.616 

U.  S.  B.  M. 

no. 

do. 

do. 

17.8 

.9.316* 

7.9 

1..5.51 

U.  S.  B.  M. 

110. 

do. 

do. 

16.6 

.9189* 

7.9 

1,465 

3.500  cc. 

no. 

do. 

do. 

17.1 

.®7l* 

6.1 

1,705 

:3500  CO. 

111. 

Oil  shale,  Chattanooga 

Redboiling-  Siirings,  Macon  Co.,  Tenn.., 

9.8 

.!X)79 

7.2 

1,781 

U.  S.  B.  M. 

112. 

47.8 

.8698 

6.3 

1,424 

U.  S.  B.  M. 

113. 

Oil  shale,  Green  River  Eocene  __ 

Grand  Valiev,  Garfield  Co.,  Colorado. 

44.7 

. 890."> 

4.4 

,451 

U.  S.  B.  if. 

113. 

do. 

do. 

34.5 

..8811 

5.6 

1,:374 

1800  cc. 

113. 

do. 

do. 

.3.5.1 

.91:77 

4.9 

1.259 

1800  CC. 

114. 

do. 

do. 

16.. 5 

.8951 

3.4 

1,641 

r.  S.  B.  M. 

115. 

do. 

12  mi.  N.  of  DeBeque,  Garfield  Co., 

Col.  

45.1 

.9110* 

5.6 

1,:326 

U.  S.  B.  M. 

115. 

do. 

do. 

44.9 

.9030* 

5.6 

1,:341 

U.  S.  B.  M. 

115. 

do. 

do. 

44.7 

.89:37* 

5.4 

1,224 

3500  CC. 

115. 

do. 

do. 

41.6 

.8861* 

4.8 

1,483 

:3500  CC. 

115. 

do. 

do. 

41.9 

.8841* 

4.8 

1.427 

3.500  cc. 

116. 

do. 

Kimball  Creek,  DeBeque,  Colo.  

47.0 

.8960 

4.8 

l,4r>l 

U.  S.  B.  il. 

117. 

do. 

Grand  Valley,  Garfield  Co..  Colo.  

65.9 

.8816 

6.7 

1,205 

U.  S.  B.  M. 

118. 

do. 

Watson,  Uinta  County,  Utah  

66.2 

.8703 

9.2 

1,219 

U.  S.  B.  M. 

no. 

Lignite,  Fort  Union,  (Eocene) 

Kenmare,  Ward  County,  N.  Dak.  

4.8 

1 .0246 

54.3 

1,116 

1800  CC. 

120. 

9.2 

.9470 

15.3 

1,645 

U.  S.  B.  M. 

121. 

.8602 

12.7 

1,341 

U.  S.  B.  M. 

121. 

do. 

do. 

50.7 

.8620 

12.7 

1,335 

(V  S.  B M. 

121. 

do. 

do. 

47.5 

.8581 

13.0 

1,.3:30 

1800  cc. 

122. 

do. 

do. 

24.5 

.9099* 

19.3 

1..500 

U.  S.  B.  M. 

122. 

do. 

do. 

23.8 

.90:34* 

22.4 

1.478 

U.  S.  B.  M. 

122. 

do. 

do. 

24.5 

.889.3* 

19.2 

1.490 

3500  cc. 

*Sp<K?ific  gravities  rieterminod  at  a temperaturo  of  00°  F.  (15.36°  C.).  All  other  specific  gravitii.‘;  dit"rmined  with  oil  at  25°  C.  aud  compared 
with  water  at  15.56°  C. 
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OIL  RESOURCES  IN  COALS  AND  SHALES 


The  resxilt.s  of  tliose  carbonization  tests  made 
in  tlie  1800  c.  c.  retort  are  included  in  the  table 
that  follows.  The  temperature  was  carried  to 
1400°  F.  on  the  indicator.  The  yield  of  oil  tar, 
light  oil  when  determined,  and  ammonical  liquor 
are  given,  computed  on  the  basis  of  gallons  per 
ton  of  2,000  pounds.  Also  are  included  the  yield 
of  ammonia  as  such  and  computed  on  the  basis 


of  pure  ammonium  sulphate  in  pounds  per  ton, 
the  weight  of  the  residue  in  poiinds  per  ton,  the 
specific  gravities  of  the  oil  or  tar  and  light  oil 
( determinnd  at  25°  C.  and  compared  with  water 
at  15.50°  O.j,  the  percentage  of  the  total  nitrogen 
of  the  original  sample  recovered  as  ammonia,  and 
a description  of  the  physical  character  of  the  resi- 
due. 


PENNSYLVANIA 

Results  of  carbonization  tests  in  1800  c.  c.  retort. 


Xo. 

Character  of 

Oil  or 

Sp.  gr. 

Light 

Sp.  gr. 

■Cmuio- 

iiiaeal 

Ammo- 

Ammo- 

nium 

Per  cent 
N recov- 

Res- 

Description  of 

of 

sample 

tar,  gal- 

of  oil 

oil,  gal- 

of  light 

liquor, 

nia, 

sul- 

ered  as 

idue, 

residue 

sample 

Ions 

or  tar 

Ions 

oil 

gallons 

pounds 

phate 

pounds 

ammo- 

nia 

pounds 

Allegheny  County 


2. 

24.8 

.9796 

16.9 

6.34 

24.59 

16 

1,368 

Hard,  rather  dense 

Freeport 

coke. 

3. 

Cannel  shale  U.  Free. 

30.4 

.9226 

12.5 

4.08 

15.83 

17 

1,479 

Practically  no  tenden- 

cy  to  cake. 

4. 

15.7 

.9318 

10.7 

2.17 

8.42 

20 

1,653 

No  tendency  to  cake 

18.1 

.9828 

15.2 

4.81 

18.66 

20 

1,574 

Slight  tendency  to  cake 

8. 

.9006 

12.2 

5.43 

21.06 

17 

1,427 

Practically  no  tenden- 

cy  to  cake. 

9. 

18.8 

.9281 

12.0 

2.45 

9.50 

17 

1,583 

10 

Caiinel  shale  U.  Fire. 

31.2 

.9372 

8.7 

3.08 

14.27 

15 

1,516 

cy  to  cake. 

.Armstrong  County 

16. 

22.0 

.9901 

19.0 

4.57 

17.73 

15 

1,383 

Hard  porous  coke 

Kittanning. 

17. 

30.8 

.i)G99 

10.1 

4.14 

16.06 

17 

1,495 

Practically  no  tenden- 

cy  to  cake. 

18. 

26.1 

.iXiSS 

16.5 

9.51 

21.37 

13 

1,352 

Hard  porous  coke 

KItt. 

19 

Cannel  coal,  U.  Kitt. 

31.6 

.9063 

9.1 

5.40 

20.95 

18 

1,480 

Very  little  tendency 

to  cake. 

2.1 

3.9 

.9682 

13.3 

1.77 

6.87 

29 

1,782 

No  tendency  to  cake 

Oveathered)  U.  Kitt. 

28. 

2.3.4 

.9967 

14.9 

6.10 

23.66 

18 

1,401 

Hard  porous  coke 

Free. 

■29. 

36.3 

9.1 

3.40 

13.19 

15 

1,485 

No  tendency  to  cake 

ered)  L.  Free. 

32. 

25.8 

1.1)058 

13.7 

5.30 

20.56 

14 

1,416 

Hard,  rather  den»e 

Free. 

coke. 

v(>r 

'ounty 

34. 

Bituminous  coal,  L. 

24.6 

.9908 

11.9 

4.25 

16.49 

13 

1,241 

Brittle,  porous  coke 

Kitt. 

37. 

34.3 

.97:12 

16.6 

6.50 

25.21 

14 

1,291 

Hard,  moderately  por- 

Kitt. 

ous  coke . 

40. 9 

.9325 

14.2 

4,22 

16.37 

13 

1,292 

Hard  dense  coke 

40 

34  5 

9:172 

10.2 

3.01 

11.68 

16 

1,496 

No  tendency  to  cake 

43. 

Bituminous  coal,  U. 

23.2 

1.0014 

18.6 

6.29 

24.40 

16 

1,385 

Hard  dense  coke 

Free. 

45. 

Bituminous  coal,  Ma- 

27.5 

.9997 



17.4 

6.21 

24.09 

16 

1,337 

Hard  porous  coke 

honing. 

46. 

Cannel  shale.  Brush 

24.7 

.9635 

12.4 

5.15 

19.94 

20 

1,4-27 

Very  little  tendency  to 

Creek. 

cake. 

Butler 

County 

51. 

21 .8 

1.0092 

19.1 

4.30 

16.91 

15 

1,362' 

Hard  porous  coke 

er  bench,  Brookville. 

52. 

23.5 

.9947 

18.8 

5.24 

20.38 

17 

1,.374 

llanl  porous  okc 

bench,  Brookville. 

32  7 

.9447 

14.0 

5.15 

19.98 

16 

1,400 

Slight  tendeiKV  to  cake 

40  3 

9438 

11.1 

1.57 

17.73 

13 

1,327 

Slight  tendcuev  to  cake 

39. 

Cannel  shale,  U.  Kitt. 

30. fl 

.9478 

10.7 

4.10 

16.25 

14 

1,413 

Very  slight  toiidcncy  to 

cake. 

6-2. 

Cannel  coal,  U.  Kitt. 

33.4 

.96S:5 

1.8 

.7232 

13.7 

5.&J> 

22.85 

16 

1,376 

Hard  dense  coke 

RESULTS  OF  CARBONIZATION 


Results  of  carbonization  tests  in  1800  c.  c.  retort  (cont’d.) 


No. 

ol 

.‘'ample 

Character  of 
sample 

Oil  or 
tar,  gal- 
lons 

Sp.  gr. 
of  oil 
or  tar 

Light 
oil,  gal- 
lons 

Sp.  gr. 
of  light 
oil 

-tmmo- 

niaeal 

li(luor, 

gallons 

.-imino- 
nia , 
pounds 

Ammo- 

nium 

sul- 

phate 

pounds 

Per  cent 
N recov- 
ered us 
animo- 
tiia 

Res- 

idue. 

pound.-' 

Description  of 
residue 

a;. 

Senii-bituniinou'5  coal, 

10.0 

1.0U53 

C'Cllt'T  < 

'ounty 

i.9 

4.15 

Iti.lO 

12 

1 ,573 

Uar'i  ilcnsc  cokf 

J..  Kitt. 

Canneloid  senii-bit. 
coal,  L.  Kitt. 

9.3 

.91!fo 

!L4 

4.48 

17.38 

u 

1.034 

Practically  no  tenden- 
cy to  cake. 

Clearfield 

County 

08. 

Canneloid  s e m i-b  i t. 

10.9 

.11418 

0 ■ 40 

31.17 

10 

1.043 

Sliglit  IciHlciicy  tu  cake 

coal,  L.  Kitt. 

79. 

Semi-bituminous  coal. 

10.4 

.9806 

8,3 

4.47 

17.34 

H i 

1 , -’iSo 

Hard  ilmsf  coke 

U.  Kitt. 

71. 

Canneloid  semi-bit. 

9.4 

.9943 

8.U 

4.41 

17.11 

13 

1,(H>1 

Very  sli^dit  tendency 
to  cak*'. 

74. 

coal,  U.  Kitt. 
Semi-bit.  coal,  1..  Free. 

0.8 

14 

1.0330 

11.0 

5.38 

30.87  , 

1 ,009 

N'o  temleney  to  rake 

(ii’cciie  County 


70. 

Cannel  shale,  Redstone 

27.1 

.8854 

1.8 

.7103 

77. 

Bituminous  coal.  Se- 
tt ickley 

23.8 

1.0139 

1.9 

.7587 

79. 

Bit  uminous  coal, 
Waynesburg 

26.2 

1.0411 

1.8 

.7613 

12.6 

3.36 

13.03 

15 

l.oCJ 

Practically  no  tenden 
cy  to  cake. 

12.6 

5.60 

21.33 

15 

1,409 

Hard  porous  coke 

13.6 

C.71 

25.03 

20 

1,427 

Hard  porous  coke 

Indiana  County 


Cannel  coal,  U.  Kitt.  . 

1 

19.0 

1 

,94'JO  , 

1.7 

.7267  , 

11.4 

5.(Jl  ' 

i 

31.70  ' 

17 

l,.j4o  Hard  iiorous  coke 

89.  I .Anthracite,  Hillman  i none 

1 bed  I 


Luzerne  County 
none  I i 7.2 


i.(j7  I 15.75  ; 17  1,S9T  Very  little  change  in 

I ' ! ainii'aranee. 


l.ycoining  County 


91. 

1 Semi-bituminous  coal, 
' “B”  bed 

1.9 

1.0622  I 

.9 

I .8144 

1 8.4 

4.77  1 

18.  .50 

IS 

1,733 

1 Practically  no 
' cy  to  cake. 

tenden- 

Mercer 

County 

93. 

1 Cannel  .-hale,  Sharon, 

49.2  1 

.8742  1 

2.1  1 

.7092 

1 12-1  1 

2.22  1 

8.61  1 

17 

1.336 

1 No  icmif-ncy  to 

cake 

Sullivan 

County 

94. 

1 Semi-anthraeite.  Bernice  i 
I or  “B”  bed  | 

trace 

[ 

J 

7.2 

5.08  1 

1 

19.71  ; 

19 

1.815 

No  tendency  to 

cake 

Tioga  County 


Semi-bituminous 
Bloss  bed 

coa),  j 

! 

6.2  ; 

1.0253 

1 

1.4 

.7812 

7.2 

4.85 

18.81 

' 

"1 

1,060  , Hard 

dense  coke 

W asliington 

County 

Bituminous 

coal. 

Pitts- 

23.3 

1.0101  ' 

1.9 

.7480  1 

14.4  , 

5.80 

22.73 

15  I 

1.429  Hard 

porous  coke 

burgh. 

I 

i 

i 

1 

1 

Bituminous 

coal. 

Pitts-  [ 

19.3* 

1.0139  1 

1.9 

.7742 

18.3 

6.11 

23.70 

17  ' 

1..372  ' Hard 

dense  coke 

burgh 

1 

' 

We 

stmorelund  County 

Cannel  shale,  L. 

Free,  j 

33.3 

.8890  * 

2.5 

.7135  [ 

10.1 

2.96 

11.48 

13 : 

1.4.53  Ih-actically  no  tenden- 

oy  to  cake. 


Samples  from  other  States 


113. 

t>n  shale.  Orecn  River 
Eocene.  Colo. 

34.0* 

.8811 

2.2 

.712.5 

'5.0 

3.63 

14.08 

16 

1,374 

Very  little  lemlcm-y  to 
cake. 

153. 

do. 

35.1* 

.9137 

1.9 

.7070 

4.9 

4.51 

17. .57 

20 

1,2.59 

Very  little  temh-iicy  to 
cake. 

119. 

Lignite,  Fort  ITiion 
Eocene,  N.  Dak. 

4.8 

1.0246 

.8 

.8414 

54.3 

3.36 

13.03 

23 

1.110 

N’o  temleney  to  cake 

131. 

Oil  shale,  Miocene, Nev. 

47.-5 

.8581 

1 .7 

. ;3Cil 

13.0 

2.21 

8.57 

16 

1,330 

No  tendency  to  cake 

Results  low  line  to  develop]nent  of  .flight  leak  in  retort. 
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Analyses  of  coal  and  shale  tested  in  1800  c.  c.  retort. 


No.  of 
sam- 

Oharacter  of  sample 

Moisture  Volatile  matter  1 

Fixed  carbon  j 

Ash 

Total  nitrogen 

pie 

1 

i 

.\lleglieny  County 


2. 

Bituminous  coai,  Upi'cr  Freeport  ..  .. 

.78 

30.17 

56.38 

6.67 

1.0-i 

3. 

Cannel  shale,  Upper  Freeport  

.35 

29.98 

36.15 

33.62 

1.00 

4. 

Cannel  shale,  Upper  Freeport  

.38 

18.21 

19.74 

61.67 

.43 

7. 

Bone,  Upper  Freeport  

.90 

2,5.17 

30.33 

48.54 

.99 

8. 

Cannel  shale.  Upper  Freeport  

.32 

34.48 

38.20 

27.00 

1.29 

9. 

Cannel  shale.  Upper  Freeport  

.46 

24.  .34 

20.79 

54.41 

.60 

10. 

Cannel  shale.  Upper  Freeport  — _ _ 

.39 

27.54 

32.40 

39.67 

1.03 

.Armstrong-  County 


10. 

Bituminous  coal.  Lower  Kittanning  

.85 

36.62 

49.61 

12.92 

1.26 

17. 

Cannel  shale.  Middle  Kittanning  

.17 

30.61 

35.33 

33.89 

1.03 

18. 

Bituminous  coal.  Upper  Kittanning  

.58 

.55.80 

6.79 

1.81 

19. 

Cannel  coal.  Upper  Kittanning  ..  

.37 

.31.29 

43.48 

24.86 

1.21 

25. 

Carbonaceous  shale,  (weathered).  Upper  Kittan- 

.83 

12.65 

6.67 

79.85 

.27 

ning 

28. 

Bituminous  coal.  Lower  Fi’eeport  --  

1.14 

33.87 

55 . 65 

9.34 

l.:37 

2U. 

Cannel  shale,  (weathered).  Lower  Freeport  

.56 

30.52 

32.06 

36.86 

.92 

32. 

Bituminou-  coal,  L'pper  Freeport  - 

1.18 

33.52 

57.63 

7.67 

1.53 

lieaver 

County 

34. 

Bituminous  coal.  Lower  Kittanning 

.35 

42.15 

48.47 

9.03 

1.31 

.37. 

Bituminous  coal.  Upper  Kittanning  

1.34 

42.41 

52.05 

4.20 

1.87 

38. 

Cannel  coai.  Upper  Kittanning  

1.26 

44.49 

34.28 

19.97 

1.29 

40. 

Cannel  shale.  Upper  Kittanning  

..56 

28.1.5 

23.57 

47.72 

.77 

43. 

Bituminous  coal.  Upper  Freeport  _ 

1.14 

35.80 

53.44 

9.62 

1.66 

46. 

Bituminous  coal.  Probably  Mahoning  

1.13 

•J8.57 

53.. 38 

6.92 

1.80 

46. 

Cannel  shale,  Probably  Brush  Creek 

.69 

35.50 

33.95 

29.86 

1.08 

Butler 

County 

51 . 

Bituminous  coal,  (lower  bench),  Brookvillle  - 

1.00 

37.46 

48.. 36 

13.18 

1.21 

52. 

Bituminous  coal,  (upper  bench),  Brookville  

.83 

39.19 

46.64 

18.. 34 

1.29 

00. 

Cannel  coal.  Upper  Kittanning  

.90 

37.46 

37.4-2 

24. -22 

1.36 

58. 

Cannel  coal.  Probably  Upper  Kittanning  

.84 

42.21 

35. 15 

21.80 

1.42 

59. 

Cannel  shale.  Probably  Upper  Kittanning  

.91 

.37.66 

31.. 3B 

30.07 

1.25 

62. 

Cannel  coal.  Probably  Upper  Kittanning  

.83 

88.94 

•19.14 

11.09 

1.49 

Center 

County 

66. 

Semi-bituminous  coai.  Lower  Kittanning  

..52 

23.18 

66.38 

9.92 

1.4-2 

07. 

Canneloid.  seTui-bituminous  coal,  l/owor  Kittan- 

.50 

19.48 

.77. -.53 

22.49 

1.36 

ning 

Clearfield 

County 

68. 

Canneloid,  seini-bitnininoii.s  coal.  Probably  Lower 

..30 

20.42 

55 . 51 

23.77 

1.37 

Kittanning 

70. 

Semi-bituminous  co.-il.  Probably  Upper  Kittanning 

.53 

23.  n 

63.98 

11.78 

1.62 

71. 

Canneloid.  semi-hitniniiious  coal.  Probably  Upper 

.54 

21 ,32 

65.41 

12.73 

1.39 

Kittanning 

74. 

Semi-bituminou.s  coal,  I.owit  Freeport  — 

1.41 

24.29 

68.77 

5.53 

1.63 

Gri'cne 

County 

76. 

Cannel  shale,  Redstone  

.64 

28.49 

•24.77 

46.10 

.91 

77. 

Bituminous  coai,  Scwicklev  

.81 

84.15 

54.54 

10.. 50 

1.53 

79. 

Bituminous  coal,  Wavnesburg  

1.30 

34.70 

47.68 

16.. 32 

1.40 

Indiana 

County 

83. 

Cannel  coal,  ITpin'r  Kittann'ng  

„53  i 

27.64 

53.98  1 

17.85  1 

1,38 

l.uzerne  County 

89. 

.-\ntlii  neite.  Hillniaii  bed 

.24  1 

9.18  1 

73.45  1 

17.13  1 

.98 
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Analyses  of  coal  and  shale  tested  in  1800  c.  c.  retort  (cont’d.) 


No.  of 

sam-  Character  of  sample  Moisture  Volatile  matter  FiX'Xl  carbon  Ash  Total  nitroe'  :. 

pie 


Lycoming'  County 

91.  Semi-bituniinou'  coal,  “B"  bed .44  17.19  64.29  IS. OS  !.'>■ 


92.  Cannel  shale,  Probably  Sharon. 


Mercer  County 

.52  35.47  20.73 


43.28 


94.  Semi-authracite,  Bernice  or  “B”  bed. 


Sullivan  County 

.43  10.78  lii.frr  T 


12.12 


l.oi> 


Tioga  County 


9-5.  Semi-bituminou'  coal,  Bloss  bed. 


.22 


18.96 


67.94 


12.83 


1.13 


Washington  County 

99.  Bituminous  coal,  Pittsburgh .98  > 34.67  .‘17.79  6..5i.i  1.56 

101.  Bituminous  coal,  Pittsburgh 3.21  36.18  51.63  8.93  1.39 


Westmoreland  -County 


103.  Cannel  shale,  Lo-\ver  Freeport. 


.76 


30.46 


31 .73 


37.00 


.92 


Samples  from  other  States 


113. 

119. 

Oil  shale,  Green  River,  Eocene 
Lignite,  Fort  Union,  Eocene. 

.5S 

11.16 

39..^ 

37.70 

3.43  ■ 
45. 9o 

.56.4‘J 

.91 

.61 

121. 

Oil  shale,  Miocene.  

1.93 

37.70 

7.07 

.53.30 

.5-< 

Results  of  carbonization  tests  in  3500  c.  c.  retort. 


No. 

of 

sam- 

ple 

Character  of 
sample 

'test 

No. 

Max- 
imum 
temper- 
ature 
reached 
on  re- 
corder 
(°  F.) 

Weight 

of 

sample 

(grams) 

Oil  or 
tar 
(c.  c.) 

Light 

oil 

(c.  c.) 

Am- 
mon! 
acal 
liquor 
(c.  c.) 

Vmmonia 
in  am- 
inoniacal 
liquor 
1 grams) 

Pyridine 
in  am- 
mouiacal 
liquor 
(grams) 

Sulphur 
in  ain- 
moniacal 
liquor 
(grams) 

Ammonia 
in  sul- 
lihuric 
acid 
Avasli 
■svater 
(grams) 

Pyridine 
in  sul- 
I'huric 
acid 
wash 
water 
(grams) 

Weight 

of 

resi<iue 

(grams) 

Volume 
of  gas 
at  60' 
F.,  30 
in.  Hg 
sat.  -(\ith 
moisture 
(ou.  ft. ' 

35. 

Cannel  coal, 

1 

l,40n 

2,609.2 

545.0 

:30.9 

90. u 

1.50056 

.03236 

.43182 

2.72904 

.03236 

1,738.0 

18.01S 

35. 

V.  Kitt. 
do. 

2 

900 

2.646.7 

535.0 

35.2 

90.0 

l.(56:324 

.00472 

.90009 

1.2:3176 

.04S‘>4 

1 ,837.3 

11.198 

44. 

Bituminous 

1 

1,400 

2,739.0 

275.0 

25.0 

220.0 

2.. 50.368 

.0.3236 

.63842 

5.49640 

.08090 

1 .864.5 

26, . 407 

93. 

coal.  U.  Free. 
Bituminous 

1 

1.400 

2,718.6 

2.«0.0 

25.80 

220.0 

2.77232 

,032.36 

1.30142 

5 . 34)  07 

.05987 

1 .-1.''.0 

93. 

coal,  Brook- 
yllle. 
do. 

o 

900 

2,ROO.O 

295.0 

20.2 

220.0 

1.7:i722 

.02265 

.68170 

.35981 

.06957 

2,125.0 

11.816. 

9S. 

Bituminous 

1 

1,400 

2.726.5 

.3.90.0 

25.5 

220.0 

2..5965t; 

trace 

1.. 55221 

6.96248 

.01613 

1.^28. 5 

24.20' 

98. 

coal.  PitU- 
burgh . 
do. 

2 

900 

2,629.0 

3:30.0 

25.4 

185.0 

2.:1729'2 

.06472 

1.02284 

2.79528 

.04854 

l.Sll.O 

15.782 

102. 

Cannel  shale. 

1 

1,400 

2,974.0 

465.0 

30.3 

143.0 

1.816.54 

.01618 

.12385 

1.2  4.5:  ;0 

. 08CHH 1 

2.171.0 

15. 

102. 

T. . Free, 
do. 

0 

9C0 

3,013.5 

460.0 

31.7 

i:l0.n 

1.46224 

.01618 

. 04055 

.93176 

.01618 

2,259.0 

11.074 

105. 

Bituminous 

1 

1,400 

2,667.5 

265.0 

31.8 

170.0 

1..5S'29 

. 04S72 

.26.578 

.5.81371 

. 0649^4 

1,8-29. 5 

28. ''■8  • 

105. 

coal,  U.  Free, 
do. 

2 

900 

2.712.0 

265.0 

23.6 

1-50.0 

2.2612S 

.04872 

.39100 

.75.571 

.06496 

2.04S.0 

9 . 624 

106. 

106. 

Bone.  U.  Free, 
do. 

1 

0 

1 ,400 
1.4H0 

3.178.2 

3.210.2 

196.0 

200.0 

^>0  7 

230.0 

n 

2.!)7614 

.08120 

lioigio 

■50014 

.08120 

2.487.. 

2,471.0 

20.0>4 

106. 

a06. 

do. 

do. 

3 

4 

1.400 

1.400 

3,1:16.0 

3,1.58.0 

1^.0 

205.0 

If  .1 
2.V.1 

200.0 

210.0 

"'Filin' 

.06496 

.77761 

5.77456 

.(19744 

2.411.0 

2.5<i5.0 

107. 

Cannel  shale. 

1 

1,400 

2,759.5 

440.0 

<>7  0 

115.0 

2.064.56 

.09744 

1.0S257 

2.47414 

.08120 

1,995.3 

IS. 4-8; 

107. 

U.  Free, 
do. 

0 

1,400 

2,826.0 

4.50.0 

30.4 

120,0 

2.5:!682 

.01287 

.99462 

4.. 54570 

trace 

2,043.8 

20.247 

110. 

Oil  s h al  e 

1 

1,400 

3.950.0 

275.0 

25.6 

130.0 

4.18748 

.04045 

.6231 

2.<«M07 

.0:7130 

2,. 899. 5 

110. 

( 'liattanooga 
do. 

2 

900 

4,123.5 

295.0 

26.6 

105.0 

2.68:300 

trace 

.70144 

.65tr>2 

trace 

3.51 '*.5 

10.t^2■; 

9c 
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Results  of  carbonization  tests  in  3500  c.  c.  retort  (cont'd.) 


No. 

of 

f iim- 

ple 

Character  of 
sample 

Test 
No . 

Ma.x- 
imum 
temper- 
ature 
reached 
on  re- 
corder 
r E.) 

Weight 

of 

sample 

(grams) 

Oil  or 
tar 
(c.  c.) 

Light 

oil 

(c.  e.) 

Am- 
moni- 
acal 
liquor 
(e.  e.) 

Ammonia 
in  ani- 
riioniaeal 
li<)Uor 
(grams) 

Pyridine 
in  am- 
moniacal 
liquor 
(gram  ) 

Sulphur 
in  am- 
moniacal 
liquor 
(grams) 

Ammonia 
in  sul- 
phuric 
acid 
wasli 
water 
(grams) 

Pyridine 
in  sul- 
phuric 
acid 
wash 
water 
(grams) 

Weight 

of 

residue 

(grams) 

Volume 
of  gas 
at  60" 
F.,  30 
in.  Hg 
sat.  with 
moisture 
(cu.  ft.) 

115. 

Oil  shale. 

1 

1,400 

3, .568. 5 

GG5.0 

2G.9 

80.0 

1 ..>3888 

.01.924 

.1S495 

1-74116 

jymo 

2,11-8.8 

■>5.760 

Green  Biver 

Eocene 

115. 

do. 

2 

900 

3,512.0 

610.0 

31.8 

70.0 

2,605.0 

10 

115. 

do. 

3 

900 

3,743.5 

655i.O 

19.6 

75.0 

1.63660 

.04854 

.18221 

1.20384 

.04854 

2,670.7 

9.84S 

1?Z. 

Oil  shale. 

1 

1,400 

2,929.5 

300.0 

27.6 

235.0 

2.31000 

trace 

.97215 

1.12931 

.04023 

2,182.0 

17.413 

Miocene. 


Yield  per  ton  of  2,000  pounds. 


1 

j No.  of  sample 

1 Character  of  sample 

o 

Ma.xiimim  temperature 
reached  on  recorder 
"F. 

Volume  of  oil  or  tar 
(iaiinns 

Water  in  oil  or  tar 
1 Per  cent 

Sp.  Gr.  dehydrated  oil 
at  15.. 56°  0. 

1 Nitrogen  content  of  oil 
1 or  tar  Per  cent 

.Sulphur  content  of  oil 
or  tar  Per  cent 

1 

Volume  of  light  oil 
1 Gallons 

SS 

1 ^ 

*o 

-JJ 

■ "q 

' 

X 

Volume  of  Minmonia- 
cal  liquor  Gallons 

-Ammonia  Pounds 

-Ammonium  sulphate 
Pounds 

Total  nitrogen  recovered 
as  animoniii  Per  cent 

Ti 

0 

X 

5 

V. 

. I-H  . 

S ^ 

. es 

X 0 ^ 

cx  _ ^ 

0 ^ sO 

IhT. 

Cannel  coal.  Upper  KittauTling, 

1 

1400 

50.1 

.1 

0.9519 

.71 

.38 

2.8 

0.7161 

8.2 

3.24 

12.57 

13 

1:3:32 

6,266 

35. 

do. 

2 

900 

48.5 

.2 

0.9452 

.73 

.32 

3.2 

0.6982 

8.2 

2-. 11 

8.18 

9 i 

i:388 

3,8:39 

44. 

Bituminous  coal.  Upper  Freeport, 

1 

1400 

24.1 

1.1 

1.0151 

.78 

.56 

2.2 

0.7484 

19.3 

5.85 

22.69 

15  , 

1361 

8,749 

93. 

Bituminous  coal,  Brookville, 

1 

1400 

24.7 

1.5 

1.0208 

.77 

..50 

2.3 

0.7332 

19.4 

5.97 

23.16 

18 

1335 

8,949 

93. 

do. 

2 

900 

24.5 

.7 

1.0124 

.68 

.52 

1,7 

0.7005 

18.2 

1.45 

5.62 

4 

1471 

3,719 

98. 

Bituminous  coal,  Pittsburgh,  

1 

1400 

29.0 

1.6 

1.0258 

.83 

.76 

2.2 

0.7240 

19.3 

7.01 

27.19 

23 

1341 

8,057 

98. 

do. 

2 

900 

30.1 

3.1 

1.0399 

.81 

.99 

■2.3 

0.7278 

16.9 

3.93 

15.24 

13  ! 

1:379 

5,448 

102. 

Cannel  shale.  Lower  Freeport,  -- 

1 

1400 

37.5 

none 

0.8811 

.45 

..32 

2.4  j 

0.6979 

11.7 

2.07 

8.03 

11 

1460 

4,602 

102. 

do. 

2 

900 

.36.6 

none 

0.8790 

.48 

.S3 

2.5 

0.6887 

10.3 

1.59 

6.17 

9 

1499 

3,:334 

105. 

Bituminous  coal.  Upper  Freeport, 

1 

1400 

23.8 

3.4 

1.0144 

.76 

.51 

2.9 

0.7-425 

15.3 

5.56 

21.. 57 

14 

1372 

9,828 

105> 

do. 

2 

900 

23.4 

1.5 

0.9999 

.68 

.43 

2.1  i 

0.71:39  , 

13.3 

2.22 

8.61 

6 : 

1.510 

3,224 

Wr. 

1 

1400 

14.8 

4.1 

1.0138 

1 

17.3 

106. 

do. 

2 

1400 

14.9 

1.2 

1.0076 

.79 

.32 

1.5  ' 

0.7346 

16.4 

6.09 

23.62 

23 

1-3:39 

5,677 

106. 

3 

1400 

13.8 

2.1 

1.0037 

1.5  j 

0.7363 

]5.3 

1 

1.538 

5,107 

106. 

do. 

4 

1400 

15.6 

1.5 

1.0074 

.79 

.47 

1.8 

0.7264 

15.0 

5.84 

22.65  ! 

22 

1-5, so 

.5,116 

107. 

Cannel  ^llale,  Upper  Freeport,  __ 

1 

1400 

.38.2 

none 

0.8975 

.62 

.55 

1.9  1 

0.7C65  j 

10.0 

3.29 

12.76 

11 

1446 

6,078 

107. 

do. 

2 

1400 

.38.2 

none 

0.9058 

.54 

.26 

2.6  1 

0.7024  f 

10.2 

5.01 

19.43 

17 

1446 

6,501 

no. 

Oil  shale,  Chattanooga,  

1 

1400 

16.6 

none 

0.9189 

1.17  i 

1.62 

1.5  1 

0.7019 

7.9 

3.15 

12.22 

17 

146.5 

6,171 

no. 

do. 

2 

900 

17.1 

none 

0.9274 

1.22 

1.41 

1.5 

0.6922  1 

6.1 

1.62  i 

6.28 

9 

1705 

2,:339 

115. 

Oil  shale,  Green  River,  Eocene, 

1 

1400 

44.7 

none 

0.8937 

1.82 

.53 

1.8  1 

0.70:33  ! 

5.4 

1.84 

7.14 

n 

1224 

6,555 

115. 

2 

000 

41.6 

none 

0.8864 

2.2 

0,6010 

4.8 

1-lSl 

2,807 

115. 

do. 

3 

900 

41.9 

none 

0.8841 

1.89 

.67  ' 

1.3 

0.6942 

4,8 

1.52 

5.90  ‘ 

9 

1427 

2,. 388 

122. 

Oil  shale,  Miocene,  

1 

1400 

24.5 

1.4 

0.8893 

.6.5 

.99 

2.3 

0.7178 

19.2 

2.:37 

9.10  j 

20 

1490 

5 , 30.7 

rro.xiinate  and  ultimate  analyses  of  the  sane  ils  Pittslnirgh  station.  Tin*  results,  eomiinted 

jdes,  tested  in  tlie  MdOO  e.  c.  retort  tvere  made  on  an  air  drieil  basis.  w(“i('  as  follows:  - 

for  the  writer  by  the  U.  S.  ILirean  of  Mines  at 


No. 

of 

yam* 

pie 

Character  of  .-ample 

Proximate  analy.-is 

Ultimate  analysis 

Mois- 

ture 

A^olatile 

matter 

Fixed 

carbon 

Ash 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Sulphur 

Ash 

:-i5. 

Cannel  coal,  Up]>er  Kittanning  

.73 

39.22 

32.57 

27.48 

4.97 

60.00 

1.01 

4.29 

2.25 

■>7.48 

44. 

Bituminous  coal.  Upper  Fteeiiort 

l.SO 

36.53 

54.87 

6.80 

■5.40 

76.41 

1..58 

8.18 

1.63 

6.80 

93. 

Bituminous  coal,  Brookville  

2.00 

38.08 

49.97 

9.95 

5.22 

71,97 

1.34 

6.97 

4.55 

9.95 

98. 

Bituminous  coal,  Pittsburgh  

1.43 

30.07 

51.60 

7.90 

5.41 

74.46 

1.28 

8.33 

2.62 

7.90 

102. 

Cannel  shale.  Lower  Freeport  

.73 

•26.62 

26.45 

46.20 

3.70 

4.3.27 

.76 

4.40 

1.-58 

46.20 

K6. 

Bituminous  coal.  Upper  Freeport 

1.10 

35..  ?6 

55.20 

8.15 

5.27 

76.82 

1.62 

6.66 

1.48 

8.15 

106. 

Bone,  Upper  Freeport 

1.00 

24.55 

36.65 

37.80 

3.65 

50.26 

1.08  . 

5.99' 

1.22 

37.80 

107. 

Cannel  shale.  Upper  Fteeport  

.18 

.32.12 

36.17 

31.53 

4.58 

.57.36 

1.19  , 

3.12 

2. ■IS 

:11  ..5.3 

110. 

Oil  shale,  Chattanooga  - . .. 

.73 

27,65 

4.74 

66.88 

2.09 

21.  S3 

.74  f 

6.88 

2.08 

66.88 

115. 

Oil  shale,  Green  River  Eoc“ne  

.55 

39.78 

.37 

.59.. 30 

2'.  86 

26.07 

.69 

9.91 

1.17 

.59.30 

122. 

Oil  shale,  Miocene  

2.78 

22.30 

9.77 

65 . 1 5 

2.08 

21.19 

.49 

5.26 

-t.9.3 

65.15 

ANALYSES  OF  RESIDUE  AND  GAS 


Pr-o-ximate  analyses  \v(*re  made  of  The  spent 
material  or  residm*  from  the  carbonization  tests 
in  the  3500  c.  c.  retort.  Tlie  nitrogen  and  sul- 
phur content  were  also  determined.  These  re- 
sults are  given  in  the  table  which  follows.  The 
analyses  indicate  that  appreciable  quantities 
of  water  were  absorbed  by  the  material  while  re- 


maining in  the  laboratory  for  several  mouths. 
In  the  case  of  the  residues  of  some  of  the  shales 
carbonized  to  only  900°  F.  the  relatively  high 
content  of  vedatile  matter  is  undoultieilly  due. 
in  ]>art  at  least,  to  dehydration  of  clayey  snli- 
stances  and  decomposition  of  carbonates  present 
in  the  ash. 


Analyses  of  residue  in  3500  c.  c.  retort. 


llaxinmm 

Mo. 

temper- 

Vola- 

Mi- 

Sul- 

of 

Test 

ature 

Character  of  sample 

Character  of  residue 

Mois- 

tile 

Fi.xed 

sam- 

No. 

reached 

ture 

mat- 

car-  Ash 

tro- 

phur 

pie 

on  re- 

bon 

gen 

eorder. 


• F. 


35. 

1 

1,100 

Cannel  coal.  Upper  Kittauning 

35. 

2 

900 

do. 

44. 

1 

1,400 

Bituminous  coal,  Upper  Freeport 

93. 

1 

1,400 

Bituminous  coal,  Brookville  

93. 

2 

900 

do. 

98. 

1 

1,400 

Bituminous  coal,  Pittsburgh 

98. 

2 

900 

do. 

102. 

1 

1 .100 

Cannel  shale.  Lower  Freeport  _ 

102. 

o 

900 

do. 

105. 

1 

1.400 

Bituminous  coal,  Upper  Fre«‘i>ort 

105. 

2 

;kjo 

do. 

106. 

2 

1,100 

Bone.  Upper  Freeport  

100. 

4 

1.100 

do. 

107. 

1 

1.100 

Cannel  shale.  Upper  Freeport  __ 

107. 

2 

1.100 

do. 

110. 

1 

1.400 

Oil  shale,  Cliattanooga  

110. 

2 

900 

do. 

115. 

1 

1.400 

Oil  shale.  (4reen  River.  Eocene 

115. 

3 

900 

do. 

122. 

1 

1,100 

Oil  shale.  Jlioccne  — 

Slight  tendency  to  cake  __  _ 

.5 

2.6 

52.7 

44.2 

Slight  tendency  to  cake  

.5 

7.0 

51.7 

10.3 

Hard,  porous  coke  

1.1 

2.1 

S2.3 

13.7 

Hard,  porous  coke 

.8 

3.8 

30.2 

15.2 

Hard,  porou-  coke  - ..  - - — 

13.0 

72.9 

13.1 

Hard,  porous  coke  . - - 

1.1 

5.0 

Sl.l 

12.3 

Hard,  porous  coke  

1.0 

9.1 

77.7 

11.9 

Mo  teiid'-ncy  to  cake  

.6 

.6 

••>2.1 

66.1 

Mo  tendency  to  cake  

_ 7 

6.1 

2S.S 

04.4 

Hard,  porous  coke  _ . . _ 

.8 

3.3 

S0.2 

15.7 

Hard,  porous  coke  

1.3 

9.9 

77.3 

11.6 

'i'endenev  to  Ciik-  - _ . _ 

.9 

3.0 

P3.S 

19.3 

Tendency  to  caki-  

.9 

2.1 

4S.G 

45.4 

Slight  tendency  to  cake  - - 

1.0 

1.7 

55. S 

13.5 

Slight  tendency  to  cake  

.4 

3.9 

50.1 

45.6 

Xo  tendency  to  cake 

.5 

1.2 

6.1 

39.2 

Mo  tendency  to  cake 

.4 

18.8 

4.0 

76.2 

Slight  tendency  to  cake  --  - 

.1 

4.7 

.9 

91.0 

Slight  tendency  to  cake  

.3 

20.6 

1.6 

77.5 

Mo  tendency  to  cake  

.3 

3.7 

8.0 

83.0 

.n-J  1.82 
1.01  l.:-,2 

.00  1.50 

1.05  3.sa 

1.15  1..52 

1.20  2.03 

1..T1  2.17 

.23  1.-6 

.17  1.60 

1.2.5  1.17 

l.-)0  1.17 

.54  1. 

.30 

.?0  1. 

.76  2.21 

.25  1.72 

.59  1.51 

.09  1.27 

.11  1.32 

.18  3.10 


Composition  of  gas  from  carbonization  tests  in  3500  c.  c.  retort, 
in  per  cent  by  volume. 


Mumber  and 

deseription  of  sample 

Temperature  at 
which  sample 
was  taken 
CF.l 

Carbon  dioxide 
also  including 
H2S  and  SO2  ' 

Unsatu- 

rated 

hydro- 

carbon.' 

Oxygen 

Carbon 

monoxide 

Methane 

Hydrogen 

Mitrogen 

Cannel  coal. 

Test  35-1 
LTpper  Kittanning 

050 

6.9 

s 

0.2 

o ~ 

t^O.5 

11.2 

$.r. 

do. 

1>.50 

2.7 

0.2 

0.1 

6.6 

:13.3 

38.0 

19.0 

do. 

1250 

0.0 

0.0 

0.1 

G.9 

12.0 

61.1 

1^.0 

Cannel  coal, 

Test  35-2 

1 Upper  Kittanning  .. 

600 

9.9 

4.4 

0.1 

2.6 

79.9 

10.1 

2.9 

do. 

'X*0 

0..Q  ' 

2.3 

0.2 

3.1 

51 .7 

:«.6 

3.4 

Bituminous 

Test  H-1 

coal.  Upper  Freeport 

roO 

1.2 . 

2.0 

0.3 

.3.5 

02.2 

18.9 

9 . 0 

do. 

.6 

0.0 

0.1 

5.2 

27.9 

4S.3 

17.9 

do. 

1250 

0.0 

0.0 

0.2 

3.9 

9 1 

61.3 

. 5 

Bituminous 

Test  93-1 

coal,  Brookville  --  — - 

650 

12.1 

l.fi 

0.2 

1.8 

57.4 

12.7 

11.2 

do. 

9.50 

8.5 

0.2 

0.1 

5.S 

;:i.5 

52 . " 

1.2 

do. 

1250 

0.2 

0.0 

0.1 

5.3 

14.1 

73 . 5 

6.8 

Bituminous 

Test  9:3-3 

coal,  Brookyille  

600 

10.6 

2.4 

0.1 

3.9 

:^<;.9 

17.2 

28.  S 

do. 

900 

8.2 

2.0 

0.1 

5.0 

.’.1.7 

; i>.4 

2.0 

Bituminous 

Test  98-1 

coal,  Pittsburgh  

6.50 

8.5 

1 .3 

0.1 

3.9 

79.4 

il7 

0.2 

do. 

r-50 

2.3 

0.2 

0.1 

6.4 

.31.0 

.)'•  .0 

1.6 

do. 

1210 

1.6 

0.0 

0.1 

14. «; 

17.7 

'9.0 

15.0 

Test  102-1 

Cannel  shale.  Lower  Freeport  „ 

650 

15.3 

1.4 

0.3 

2.4 

43.2 

2'm.5 

S.9 

do. 

950 

8.7 

0.1 

0.2 

5.9 

29.9 

40. S 

14.1 

do. 

1260 

2.4 

0.0 

0.2 

17.1 

12.1 

29.1 

Test  102-2 

Cannel  shale.  Lower  Freeport  -- 

COO 

1.3.9 

; 3.0 

0.2 

3.1 

11.3 

•26.1 

11.9 

do. 

900 

9.1 

1 0.8 

0.1 

s.s 

■26.2 

■<)  2 

21 . 

SS'4S 


OIL  RESOURCES  IN  COALS  AND  SHALES 


US 


Composition  of  gas  from  carbonization  tests  in  3500  c.  c.  retort,  in  per  cent 

by  volume  (Cont’d.) 


Xuiiibi’i-  il'.'SiTiiition  of  .«iiiiii>li' 

Temperature  at 
which  sample 
was  taken 
TF.) 

Carbon  dioxide 
also  including 
HeS  and  SO2 

Unsatu- 

rated 

hydro- 

carbons 

Oxygen 

Carbon 

monoxide 

Methane 

Hydrogen 

Nitrogen 

'I'ist  111.";  1 

Bituminous  coai.  I'piicr  Freeport 

650 

2.7 

3.0 

0.1 

3.6 

64.4 

19.3 

6.9 

do. 

1250 

0.0 

0.0 

0.5 

2.2 

10.9 

75.0 

11.4 

Tost  K«;-4 

Bone,  rpper  Freep  jrt  . - . 

G.50 

4.0 

2.4 

0.1 

3.8 

54.1 

32.7 

2.9 

do. 

0.50 

2.2 

0.1 

0.1 

5.2 

29.9 

50.2 

12.3 

do. 

12.50 

0.0 

0.0 

0.1 

2.8 

10.2 

75.8 

11.1 

Test  1117  1 

Caiiiiel  shale.  Upper  Freeport 

650 

3.7 

1.2 

0.2 

1.4 

70.4 

7.9 

15.2 

do. 

9.50 

2.6 

0.6 

0.3 

3.1 

45.3 

.30.9 

17.3 

do. 

1250 

0.5 

0.0 

0.1 

5.5 

13.5 

68.2 

12.2 

'I'est  PIT -2 

Cannel  .sliale.  Upper  Freeport  

6.50 

7.0 

3.7 

0.2 

1.9 

G8.4 

11.9 

6.0 

do. 

950 

4.0 

2.3 

0.1 

5.2 

32.1 

49.9 

6.5 

«lo. 

12.50 

0.1 

0.0 

0.2 

7.6 

8.0 

78.6 

5.6 

1101 

Oi)  (.’haltfinoosa 

650 

25.6 

2.6 

0.1 

4.1 

48.0 

15.3 

4.3 

do. 

950 

43.2 

0.4 

0.1 

21.7 

12.6 

17.8 

4.1 

do. 

1250 

28.1 

0.0 

0.1 

51.8 

0.7 

4.6 

14.6 

')’(  ?t  11(17.' 

(lil  : ('li{iltanoog:a 

600 

23.0 

0.7 

0.1 

2.3 

4:1.5 

16.8 

13.7 

do . 

900 

40.1 

0.6 

0.2 

12.5 

21.1 

20.1 

5.5 

'I’i'St  11.3  1 

nil  sliiile,  (iiV'Ti  River  _ ...  - 

6.50 

19.6 

5.4 

0.2 

3.9 

m.7 

15.7 

2.5 

do. 

950 

49.5 

0.5 

0.1 

19.9 

12.2 

5.0 

12.7 

do. 

1250 

32.5 

0 0 

0.1 

5:3.1 

2.3 

0.7 

5.2 

Test  11.3-2 

Oil  sliale.  Green  River  

600 

17.2 

4.6 

0.1 

5.6 

42.5 

17.8 

12.3 

do. 

900 

37.5 

1.3 

0.1 

21.9 

14.5 

11.0 

13.7 

115 

Oil  (rrepn  River  . __  - 

600 

23.7 

1.9 

0.2 

4.3 

46.6 

13.3 

10,0 

do. 

900 

34.8 

2.8 

0.2 

21.7 

21.2 

12.3 

6.9 

Test  12fi-l 

Oil  sliale,  iUiocene  . ..  

050 

36.8 

0.8 

0.1 

5.1 

19.9 

27.4 

10.0 

do. 

950 

22.1 

0.6 

0.1 

7.2 

28.0 

32.6 

9.3 

do. 

1250 

4.3 

0.1 

0.1 

40.3 

6.8 

.32.3 

16.1 

C II ALTER  VIII. 

COMPOSITION  OF  OILS  AND  TARS. 

'I'ho  specific  gruvities  of  all  the  oils  aud  tars 
obtained  from  the  carbonization  tests  were  deter- 
mined l)v  the  ns(*  of  specific  gravity  bottles,  as 
already  described,  and  recorded  in  the  tables  giv- 
en in  Cliapter  ^’I1.  The  water,  nitrogen,  and 
snliihnr  contcmts  of  the  oils  and  tars  obtained 
from  llie  carbonization  tests  in  the  8bb0  c.  c. 
retort,  wmn*  also  determined  and  the  data  like- 
wise assemliled  in  Clia])ter  N'll.  Tlie  latter  oils 
and  lai's  w(*i‘e  then  fractioTied  and  the  fractions 
treated  wiili  10  ])cr  c(mt  sodium  hydroxide  s(dn- 
tio!i  and  20,  Ob,  ;ind  OS  ]kw  cent  snlphnric  acid, 
in  oi'd(‘r  to  determim*  tlndr  content  of  tar  acids 
and  liases  and  of  saturated  and  nnsatnrated  hy- 
drocai'bon  constit  nents. 

'I'be  watei-  content  of  the  oils  and  tars  was  de- 
termined by  distillation  up  to  170°  C.  Consider- 
able care  had  to  be  exercised  in  conducting  this 
ojieration  in  order  to  ]irevent  excessive  foaming. 
The  oil  or  tar  was  placed  in  a copper  tar  still 


with  a ^-inch  glass  tube  bent  into  an  inverted 
0 serving  as  an  outlet  for  the  vapors.  This  tube 
was  connected  with  a lO-iuch  5-bulb  water  cooled 
Allihn  condenser.  The  distillate  was  caught  in 
a graduated  cylinder.  The  copper  still  was 
jilaced  in  an  electric  drying  oven  with  the  outlet 
tube  jirojecting  through  the  toji.  The  tempera- 
ture was  gradually  raised  to  170°  C.  and  main- 
tained at  that  point  for  about  four  hours.  The 
volume  of  water  in  the  graduated  cylinder  was 
tlnm  read,  the  contents  poured  into  a separatory 
funnel,  the  water  drawn  off,  and  light  oils,  which 
distilled  off  with  it  were  returned  to  the  oil  or 
tar  in  tlu‘  still.  Tlu^  latter  was  thoroughly  shak- 
en so  as  to  insiTre  an  intimate  mixture. 

The  total  nitrogen  ]iresent  in  the  oils  or  tars 
was  determined  by  the  Kjeldahl-Gunning  method, 
following  exactly  the  same  jirocedure  as  in  the 
case  of  the  coal  and  shale  samples.  The  sulphur 
content  was  determined  by  means  of  a Parr  heat 
ignition  sulphur  boml>,  the  method  being  as  fol- 
lows:— One  gram  of  finely  pulverized  potassium 
chlorate  was  first  placed  in  the  fusion  cup  of  the 


METHOD  OF  DISTILLING  OILS  AND  TARS 


!i;i 


lionib.  To  this  10  grams  of  pure  snlpliur-free 
sodium  peroxide  a ml  approximately  .2  gram  of 
benzoic  acid  were  added.  The  three  were  thor- 
oughly mixed.  From  .-S  to  .5  gram  of  oil  or  tar 
was  then  weighed  liy  means  of  a 1 c.  c.  specilic 
gravity  bottle  and  added  to  the  mixture.  The 
whole  was  then  thorouglily  mixed  by  stirring 
with  a long  glass  rod.  After  tlie  cover  liad  been 
securely  fastened  in  place  by  means  of  a screw 
cap,  ignition  was  produced  by  holding  the  bottom 
of  the  fusion  cup  in  the  tip  of  a Bunsen  burner 
flame  with  a pair  of  long  tongs.  The  bomb  was 
Then  cooled  by  submergence  in  water,  the  cover 
removed,  and  the  inside  carefullv  rinsed  into  a 
4(H)  c.  c.  beaker.  The  cujt  itself  was  placed  in 
the  same  beaker  and  7b  c.  c.  of  water  Avere  add- 
ed. After  solution  was  completed,  the  cup  was 
removed  and  thoroughly  rinsed.  The  contents 
of  the  beaker  tvere  then  carefully  neutralized  with 
concentrated  hydrochloric  acid.  About  5 c.  c. 
of  saturated  bromine  water  was  next  added  to 
completely  oxidize  all  the  sulphur  and  iron.  The 
solution  was  then  made  alkaline  with  ammonia 
and  brought  to  a vigorous  boil  to  coagulate  the 
precipitated  ferric  hydroxide  and  expell  the  ex- 
cess ammonia.  The  former  tvas  filtered  off  and 
thoroughly  washed  Avith  hot  Avater.  The  filtrate 
Avas  acidulated  Avith  1 c.  c.  of  concentratc'd  liy- 
drochloric  acid  and  diluted  to  aliout  250  c.  c. 
The  solution  Avas  then  brought  to  a boil  and  b 
c.  c.  of  10  per  cent  barium  chloride  solution  Avas 
sloAvly  added  from  a burette.  The  solution  Avas 
kept  nearly  at  boiling  Temperature  for  two  hours 
and  was  then  alloAved  to  stand  over  night  before 
the  barium  sulphate  Avas  filtered  oft,  ignited,  and 
Aveighed.  A blank  determination  Avas  made,  using 
exactly  the  same  chemicals  as  al)Ove  but  no  oil  or 
tar.  The  correction  factor  Avas  found  to  l)e  ne- 
gligible. 

For  the  analytical  distillation  of  the  oils  and 
tars,  a No.  26  Pjwex  distillation  flask  Avas  used, 
as  is  recommended  by  the  U.  S.  BureaTi  of  Mines 
for  petroleum  distillation.^  Heat  Avas  a})idied 
by  means  of  a Cenco  electric  heater  with  a beveled 


opening  2|  inches  in  diameter  in  Avhich  The  bot- 
Tom  of  Th(‘  llask  rested.  Tin*  Mask  ami  neck  were 
surrounded  l>y  an  asliestos  slii(dd.  For  im*asur- 
ing  tcmjK'ratui'es.  a nitrogen-liiled  thermometer 
reading  to  4()d°  C.  gradnat(‘d  in  degrees,  was 
emiployed.  4Tie  40-degree  mark  just  jn’niieTecI 
above  the  top  of  the  cork.  No  correction  for 
emergent  stem  was  made.  During  distillations 
at  atmospheric  pressure  the  neck  of  the  flask  u]) 
to  the  side  outlet  was  filled  Avith  iron  “jack” 
chain  supported  on  a Avire  spring  clip.  For  con- 
densing the  vapors  from  the  flask  a 12-incli  Avater 
cooled  condenser  of  the  Allihn  type  Avith  three 
bulbs  Avas  used.  For  vacuum  distillations  the 
same  apparatus  Avas  em]doycd.  A KHI  r.  c.  grad 
uated  cylinder  with  side  tube  Avas  attached  to  the 
bottom  of  the  condenser,  as  shown  in  figui’e  lb. 


Fig.  15.  Diagram  showing  distillation  apparatus  ."set  up 
for  obtaining  vacuum  fraction. 

This  Avas  connected  Avith  a Richard  filter  puini). 
A mercury  manometer  Avas  ])laced  on  the  line 
leading  to  the  A'acuum  pumji  to  record  pressures. 

In  carrying  out  the  distillation  tests,  ddu  c.  c. 
of  oil  or  tar  Avere  weighed  into,  the  flask.  The 
AA'eight  in  grams  required  Avas  determined  hy 
multiplying  300  by  the  specific  gravity  of  the  oil 
or  tar  as  i»reviously  determined.  The  cork  carry 


1.  Dean,  E.  W..  Hill,  II.  II..  Smith.  N.  A.  C..  and  .Jacobs.  TV.  The  analytical  distillation  of  petroleum  ami  its  prod- 
ucts. U.  S.  Bureau  of  Mines,  Bull.  207,  p.  0,  1022. 
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iiig  tlu*  tluniuoiuetei-  and  the  one  at  the  top  of 
the  eomlenser  were  luted  in  place  by  a thick 
paste  of  dried  litharge  and  glycerine.  The  tem- 
perature ^^■as  read  as  soon  as  the  first  drop  fell 
from  the  condenser,  and  volumes  of  oil  distilled 
off  were  recorded  tliereafter  at  every  point  that 
was  a multiple  of  25°  C.  The  distillation  was 
first  conducted  at  atmospheric  pressure  and  car-^ 
reid  to  275°  C.  Two  sets  of  tests  were  carried 
ont.  In  the  first,  all  the  fractions  below  200°  C. 
were  combined,  and  those  from  200  to  275°  C.  In 
the  second,  the  fractions  below  175°  C.  were  com- 
bined, then  those  from  175°  to  225°,  and  finally 
those  from  225°  to  275°. 

After  the  distillation  had  been  carried  to  275° 
C.,  the  heat  was  turned  off,  and  the  residue  allow- 
ed to  cool.  In  the  meantime,  the  apparatus  was 
connected  with  the  water  aspirator.  The  iron 
“jack”  chain  was  removed  from  the  neck  of  the 
flask  and  three  conical  shaped  gauze  spray  catch- 
ers w(‘r('  introduced.  Heat  was  again  a])]died 
and  the  ])ressnr('  was  reduced  to  as  nearly  40  mil- 
limeters of  mercury  as  was  possible  with  the  tyi»e 
of  vacuum  puni])  employed.  Distillation  under 
vacuum  was  carried  to  .200°  C.  During  the  lat- 
ter part  of  the  distillation,  water  which  had  been 
raised  nearly  to  the  boiling  ]ioint  was  circulated 
thi-ough  the  condensfu-  in  order  to  prevent  the 
sej)ai‘ation  of  ]>aral'tin  wax  from  the  distillate. 
In  the  first  set  of  tests  only  the  total  volume  of 
distillate  was  delennined.  In  the  second  set, 
\'olnme  laaidings  w(*n*  taken  at  multiple  jioints 
of  25°  r. 

The  s])ecitic  gi-avities  at  00°  F (15.50°  C.l  of  the 
various  fractions  into  which  the  oil  was  separated 
w(*re  determined  by  the  use  of  specific  gravity 
bottles  of  the  type  already  mentioned  in  Chapter 
VI. 

In  the  first  set  of  distillations,  the  oil  or  tar 
was  separated  i!ito  four  fractions: — (1)  that  which 
distilled  off  below  200°  C.  at  atmospheric  pres- 
sure; (21  that  which  came  off  between  200°  and 
275°  ; (.2)  that  which  was  distilled  below  .200°  un- 
der vacuum  fr((in  the  remainder;  and  (4)  the 


residue.  The  fractions  obtained  by  distillation  at 
atmospheric  press\ire  were  treated  with  concen- 
trated sulphuric  acid  (05  per  cent)^  and  10  per 
cent  sodium  hydroxide  solution,  separate  portions 
of  the  crude  distillate  being  taken  for  each  treat- 
ment. 

In  the  second  set  of  distillations,  the  oil  or 
far  was  separated  into  five  parts: — (1)  that  which 
distilled  off  below  175°  C;  (2)  that  between  175° 
and  225°;  (3)  that  between  225°  and  275°  at  at- 
mosiffieric  pressure;  (4)  that  which  was  distilled 
off  under  vacuum  below  300°  from  the  remain- 
der; and  (5)  the  residue.  The  fractions  obtained 
at  atmospheric  pressure  wtu-e  first  treated  witli 
a 10  per  cent  solution  of  sodium  hydroxide  to  de- 
termine their  content  of  tar  acids,  and  then  with 
20  iX‘r  cent  sulphuric  add  sol m ion  to  obtain  the 
])ercentage  of  tar  bases  present  .\  fter  this  treat- 
ment, the  neutral  oil  remaining  was  divided  into 
two  parts,  one  of  Avhich  w'as  treated  with  con- 
centrated sulphuric  acid  (05  per  centi  and  the 
other  with  37  normal  sulphuric  acid  (98  per  cent). 
The  residue  from  the  latter  treatment  re])resents 
the  saturated  hydrocarbon  constituents  of  the 
fraction  and  consists  of  paraffin  and  naptheue 
hydrocarbons.  The  carbon  residue  of  the  pitch 
from  the  vacuum  distillation  was  determined  by 
the  Conradson  method. 

For  the  treatment  with  10  per  cent  sodium  hy- 
droxide and  20  j)er  cent  sulphuric  acid  solutions, 
a separatory  funnel  was  emi)lo3'ed.  The  funnel 
was  glass  stoppered  and  equipped  with  a glass 
stop-cock.  The  long  stem  was  graduated  from 
0 to  20  c.  c.  in  1/10  c.  c.  divisions.  The  stem 
was  filled  nearly  to  the  20  c.  c.  mark  with  the 
oil  fraction  to  be  tested  and  immersed  in  a water 
bath  held  at  60°C.  About  15  minutes  were  allow- 
ed for  the  oil  to  come  to  the  temperature  of  the 
bath.  The  volume  of  the  oil  was  then  adjusted 
so  that  exactly  20  c.  c.  remained  in  the  funnel 
at  this  temperature.  30  c.  c.  of  10  per  cent  sod 
ium  hydroxide  solution  were  then  added  and  the 
mixture  thoroughly  agitated  for  5 minutes.  15 
minutes  in  the  water  bath  were  then  allowed  for 


1.  Tho  poncpiitratcd  sulidmic  acid  oI)tainpd  from  mann  factiires  varies  slightly  and  iiT  this  instance  I actually  deter- 
mined the  sulphuric  acid  content. 
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.settling  to  take  place,  at  the  end  of  wliidi  the 
sodinin  hydroxide  solution  was  withdrawn.  If 
the  latter  solution  was  apprcwiahly  discolored, 
the  treatment  was  repeated.  .\t  the  end  of  the 
Operation,  the  volume  of  the  residual  oil  at  (50°  C. 
wa'<  read.  It  is  gener.ally  considered  that  those 
constituents  which  go  into  solution  in  the  sodium 
hydroxide  solution  represent  tar  acids  or  phenols. 
Some  recent  investigators,  however,  have  been 
lead  to  believe  that  in  the  case  of  the  lou  tem- 
perature coal  tars,  even  in  those  fractions  which 
distill  below  275°C.,  some  tar  resins  of  an  asphal- 
tene charact(‘r.  which  are  soluble  in  sodium  hy- 
droxide solution,  may  also  be  present. 

'Phe  treatment  with  sodium  hydroxide  was  fol- 
lowed by  a treatn.ent  with  a 2b  per  cent  sulphuric 
acid  solution.  t)ie  method  of  i)rccedur(‘  lieing  ex- 
actly th.e  same.  ( *iie  treatment  was  deemed  suf- 
ficient. This  solution  takes  out  the  tar  or  nitro- 
gen bases. 

The  residual  neutral  oils  in  the  separatory  fun- 
nel consist  of  hydrocarbon  com])ounds.  b(‘longing 
to  the  folloAving  groups: — 

T’nsaturated  (olefiuic  and  cylici 
Aromatic  (li(iuid) 

Naphthene  (saturated  cyclic) 

Paraffin  (liquid  and  solid) 

The  neutral  oil  was  divided  into  two  ])arts,  one 
of  which  was  treated  with  concenti-ated  suljhiuric 
acid  (95  per  cent)  and  the  other  with  37  normal 
sulphuric  acid  (98  per  cent).  The  residue  from 
the  latter  treatment  represents  the  naphthene  and 
paraffin  hydrocarbons  present  in  the  neutral  oil. 
The  treatment  with  concentrated  sulphuric  acid 
was  included  because  that  is  the  strength  of  acid 
commonly  employed  in  determining  the  percentage 
of  unsaturated  hydrocarbons  ]>r(‘sent  in  petrohuim 
lu-o(hi,?ts. 

For  the  treatment  with  the  95  per  cent  sul- 
]diuric  acid,  a 0-inch,  f)-gram.  40  per  cent  Pab- 
cock  cream  bottle  was  employed.  The  graduated 
portion  of  the  neck  had  a volume  of  4.9  c.  c.  and 
this  volume  of  oil,  therefore,  was  employed  for 
the  test.  It  was  delivered  to  the  bottle  by  means 
of  a calibrated  pipette;  10  c.  c.  of  concentrated 
acid  were  then  added  by  carefully  introducing 


The  acid  to  tlie  side  of  The  bottle.  A rubl)er  sto[>- 
per  was  iiiscrlcal  and  the  contents  sliaken.  for 
several  minutes  lirst  slowly  and  then  vigorously 
with  a rotaiy  motion.  Concentrated  sulphuric 
acid  was  then  added  to  bring  the  level  of  llie 
licpiid  to  tlu'  neck  of  tln^  bottle,  afl(‘r  which  tiie 
bottle  was  immeised  in  hot  water  (bb°('. ) for 
«('veral  mintites  and  centrifuged  for  about  thi-ee 
minutes.  5Iore  acid  was  then  a<lded  until  tin- 
lower  level  of  the  supernatant  oil  was  ])laiidy 
visible  above  the  lowest  graduation  mark,  'fhi* 
centrifuging  was  repeated  for  another  two  min- 
ntes,  after  which  the  volume  of  i-esidtial  oil  was 
read.  In  the  case  of  the  oils  distilling  below 
1 75°  C.  the  immersit)!!  in  hot  water  was  omitted. 

The  same  tyjie  of  Babcock  bottle  and  a similar 
volunn-  of  oil  were  used  for  the  treatment  with 
the  9S  per  cent  acid.  The  latter  was  prepareil  by 
mixing  previotisly  analyzed  95  per  cent  and  fum- 
ing sulphni-ic  acid  in  the  ])roj>er  }»roportions.  lb 
c.  c.  of  this  acid  were  a<lded  to  tin-  oil  in  tlie 
Balwock  botth-  and  shaken  for  two  minutes  .after 
v’hich  lb  c.  c.  more  were  added  and  the  sh.ak- 
ing  rejieated.  The  bottle  was  then  kept  .it  a 
temperature  of  98  to  100°  C.  for  one  hour  iii  an 
electi-ic  drying  oven,  during  which  time  it  was 
shaken  vigorously  every  lb  minutes.  Before  shak- 
ing. it  was  immersed  in  cold  water  to  ])revent  ex- 
cessive foaming.  In  the  cases  of  oils  which  dis 
tilled  lielow  175°  ft  tin*  heating  was  omitted, 
•tt  the  end  of  the  hour  the  bottle  was  cooled, 
filled  to  the  neck  with  concentrated  sulidiuric 
.acid  and  centrifuged  for  three  minutes.  More 
acid  was  then  added  to  bring  the  lower  level  of 
the  supernatant  oil  above  the  lowest  graduation 
mark,  and  the  centiifuging  continued  for  an- 
other two  minutes.  The  volume  of  residual 
was  then  read.  No  corri-ction  was  made  foi’ 
])olymerization. 

During  the  present  investigation,  only  the  s]ie- 
cific  gravity  of  the  vacuum  fi-action  was  deter- 
mined. Ill  the  ca.se  of  tin*  residuum  from  the 
vacuum  distillation,  the  s|i(-ci(ic  gravity  and  car- 
bon residue  were  obtained.  The  latter  was  deter- 
mined by  the  well-known  Fonradson  method,  us- 
ing those  modifications  suggested  l»y  the  F.  S. 
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Bureau  of  Mines2  This  test  is  applied,  in  tlie 
ease  of  petroleum,  to  (letermi)ie  whether  a given 
i-rnde  will  yield  a good  giade  of  eylinder  stock. 
According  to  Dean,-  tin*  r(*si<lnunis  of  all  of  Ihe 
ernd(‘S  that  ex]ierience  has  shown  to  he  suitable 
material  for  eylinder  stock,  when  relined  accord- 
ing to  itreseiit  conventional  jiractice,  have  low 
caihon  residues,  generally  from  1 to  3 ]ier  <-ent. 

The  tables  which  follow  give  tin*  r(*snlts  of 
tin*  distillation  analyses  and  tests  made  upon  tin* 
oils  and  low-temperatnre  tars  obtained  from  tin* 
< arbonization  tests  in  the  3500  c.  c.  retort. 

Oil  from  Test  35-1,  Cannel  coal,  Upper  Kittanning. 

Specific  gravity  of  dehydrated  oil,  .9519 

Sulphur  38  per  cent. 

Nitrogen  71  per  cent. 

Distillation  record. 


Distillation  record. 


Air  distillation,  barometer  29.900  in.,  first 
drop  39°  C. 


Temperature 
Degrees  C. 

Per 

cent 

by 

volume 

dis- 

tilled 

Sum, 

per 

cent 

Per  Sp. 

cent  ' gr. 
cut  i cut 

Crude 
distill- 
ate re- 
moved 
by  9.5% 
H2SO1 
per 
cent 

Crude 
di?till- 
ate  re- 
moved 
by  10^„ 
NaOH 
per 
cent 

To  50  

trace 

trace 

.50  to  75  - 

1.27 

1.27 

75  to  too  

2.27 

3.. 54 

10(1  to  J25  

1.07 

4.61 

21. .38  , .8084 

60 

30.3 

125  to  150  

2.27 

6.88 

150  to  175  

3.87 

10.75 

, 

175  to  200  

10.63 

21.. 38 

i 

200  to  22'o  . 

8. .SO 

30.18 

1 

225  to  250  

10.67 

40.85 

28.27  ; .9577 

85 

33.4 

250  to  275  

8.80 

49.05 

Vucuum  fraction  at  n niilliniiter.s 

To  Sno  I ( I 28.33  1 1.0645 

Residuum  by  diflfer-1  | j 22.02  j 

ence  I i ' ; 


Air  distillation,  barometer  28.890  in.,  first 
drop,  42°  O. 


Temperature 
Degrees  0 . 

Per 

cent 

by  i Sum. 
volume  j per 
dis-  cent 

tilled 

Per 

cent 

cut 

Sp. 

gr. 

cut 

Crude 
distill- 
ate re- 
moved 
bv  9.5% 
H2SO4 
per 
cent 

Crude 
distill- 
ate re- 
moved 
by  10<T 
NaOH 
per 
cent 

To  .50  

trace  ; trace 

50  to  75  

l.Sr  1 1.S7 

75  to  100  

.87  ' 2.74 

100  to  ]25  

3.20  5.94 

21.21 

.8071 

36 

10.8 

125  to  160  ... 

4.87  ' 10.81 

1.50  to  175  . 

4.00  14.81 

175  to  200  _. 

6.40  2n.21 

200  to  225  

6.33  27.54 

22.7  to  250  .. 

0.33  33.87 

21.13 

.9112 

54 

14.7 

2.50  to  ■■’75  

8.47  42..34J 

Vacuum  ilistillalinn 

at  .33  millimeters 

to  .300  

44.20 

.9930 

Residuum  by  differ-j 

1 

13.46 

once 


Equal  quantities  of  low-temperature  tar  from  Tests 
98-1  and  98-2,  Bituminous  coal,  Pittsburgh. 

Sjiecilic  gravity  of  dehydrated  tar,  1.0329 

Snlplinr  88  per  cent. 

Nitrogen  82  ]ier  cent. 


Oil  from  Test  102-1,  Cannel  shale,  Lower  Freeport. 

Specific  gravity  of  dehydrated  oil,  .8811 

Sulphur  32  ]ier  cent. 

Nitrogen  45  per  cent. 


Distillation  record. 

Air  distillation,  barometer  28.928  in.,  first 
drop  45°  0. 


Temperature 
Degrees  C. 

Per 

cent 

by 

volume 

dis- 

tilled 

Sum , 
per 
cent 

Per 

cent 

cut 

Sp. 

gr. 

cut 

1 Crude 
distill- 
ate re- 
moved 
by  9^% 
HeSOi 
per 
cent 

1 Crude 
df-till- 
ate  re- 
moved 
by  lO-*! 
XaOH 
per 
cent 

To  50  

trace 

trace' 

.50  to  75  

.07 

.67 

75  to  100  

1.47 

2.14 

100  to  1’25  - 

3.00 

5.14 

19.21 

.7720 

30.5 

■2.5 

125  to  1-50  

4.00 

9.14 

1.50  to  175  

4.20 

13.34 

175  to  200  __  

5.87 

19.21 

200  to  -225  

5.. 37 

24.58 

',25  to  2.50  

5.90 

30.48 

20.67 

.8395 

30.5 

3.2 

■2.50  to  275  

9.40 

39.88J 

Vn<'i.um  fraction  at  :■!”  Jiiiiiiuie.,rs 


To  300  1 

36.33  1 

.1KI64 

Residuum  by  dift'er-i 

23.79  j 

once  1 

1.  rtean.  E.  W.  ot  til  ; i>ii.  cit.  jip.  .34-35. 

2.  Dean.  E.  W.  Properties  of  typical  crude  oils  from  the  eastern  producing  fields  of  the  United  States.  U.  S.  Bureau 
of  Mines,  Beports  of  Investigations,  Serial  No.  2202,  ]).  7,  1921. 
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Kqual  amounts  of  oil  from  Tests  110-1  and  110-2. 
Oil  shale,  Chattanooga. 

Specilic  gravity  of  dehydrated  oil,  .9*232 


Sulphur  1.52  per  cent. 

Nitrogen  1.20  per  cent. 


Distillation  record. 


Air  distillation,  1 
drop  51°  C. 

.arolueter 

29.:320  in.. 

first 

Crude 

Crude 

Per 

distill- 

distill- 

cent 

ate  re- 

ate  re- 

Temperature 

by 

Sum, 

Per 

Sp. 

moved 

moved 

Degrees  C. 

volume 

per 

cent 

&r. 

by  95% 

by  10% 

dis- 

cent 

cut 

cut 

H2SO4 

NaOH 

tilled 

per 

per 

cent 

cent 

To  60  

none 

none 

50  to  75  

.67 

.67 

75  to  100  - 

1.5S 

2.20 

100  to  125  

3.87 

6.07 

24.87 

.8017 

40 

1.3 

125  to  150  

5.20 

11.27 

150  to  175  --  

7.07 

18.34 

175  to  200  --  

6.53 

24.87 

200  to  226  — 

6.87 

31.74 

to  21.50  

7.73 

39.47 

21.90 

.8893 

54 

6.8 

250  to  275  - _ 

7.30 

46.77 

Vutmini  fr  K-Uon  at  '£i  milliinetrTS 


To  300  

38.20 

.9707  1 ; 

Residuum  by  differ- 

15.03 

1 

ence 

1 

Equal  amounts  of  oil  from  Tests  115-1  and  115-3, 
Oil  shale,  Green  River  Eocene. 

Specific  gravity  of  dehydrated  oil,  .8889 


Sul]»hur  60  per  cent. 

Nitrogen  1.86  per  cent. 


Distillation  record. 

Air  distillation,  barometer  28.876  in.,  first 
drop  40°  C. 


Temperature 
Degrees  C . 

Per 

cent 

by 

volume 

dis- 

tilled 

Sum, 

per 

cent 

Per 

cent 

cut 

Sp. 

gr. 

cut 

Crude 
distill- 
ate re- 
moved 
by  95% 
H2SO.1, 
per 
cent 

Crude 
distill- 
ate re- 
moved 
by  10% 
NaOH 
per 
cent 

To  60  

.03 

.031 

50  to  75  - 

1.10 

1.13 

75  to  100  

1.47 

2.60 

lOO  to  126  

3.20 

5.80 

22.06 

.7826 

42 

.6 

4.53 

10.33 

InO  to  175  

8.33 

18.66 

175  to  200  

3.40 

22.06 

200  to  225  

7.13 

20.19 

225  to  ^ 

5.13 

34.32 

23.16 

.8676 

54 

1.6 

260  to  275  

10.90 

45.22 

Vacuum  fraction  at  3C  millimet<T.s 


To  300  1 

38.83 

.9256  1 

Residuum  by  differ-  1 

15.96  : 

enc«  I 

i 

Oil  from  Test  35-2,  Cannel  coal,  Upper  Kittanning. 

S]H'citic  gravity  of  deliydrafiMl  oil.  . 

Sulphur  32  per  cent. 

Nitrogen  7;i  jier  (cni. 


Distillation  record. 

Air  dislillatioii,  liaronieter  29.114  in.,  first 
drop  44°  C. 


1 emperature 
Degrees  C. 

Per  cent 
by  volume 
distilleii 

Sum  Per  cent 

pi  r cent  cut 

Sp.  gr. 

cut 

To  50  

trace 

trace] 

50  to  75  - - 

1.33 

l.S.il 

75  to  100  

1 .{i7 

2.40 

.7753 

100  to  125  

3.»U 

6.20f  16.44 

]25  to  150  - - - - - 

4.47 

10.67 1 

150  to  176 

4.77 

15.441 

175  to  200  ...  - 

3.93 

21.37) 

200  to  225  . 

7.5^> 

2S.87J  13.43 

.8730 

225  to  250  - - 

6.40 

35.27( 

250  to  27'5  .. 

;.4o 

42.67]  1 13.80 

.9137 

V;:(  imill 

(IPtilla'.ion 

at  4.5  millimi'l  .r-i 

'1\)  200  

4.33 

4.33] 

2(f0  to  225  — 

s.dO 

12.331 

225  to  25<'  

8.67 

21.001  40. 00 

.9731 

250  to  27.5  

8.f'i7 

29.67 

275  to  300  

10.33 

4O.OOJ 

Residuum  by  dif- 
ference 

17.33 

Carbon  residue  of  residuum  iConradsoii  method)  11.0  per  cent. 
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Composition  of  air  distillation  fractions  from  oil  35-2,  in  per  cent  by  volume. 


Fraction  Degrees  C. 

Crude 

oil 

Sp.  gr. 
fraction 
at 

15. 56" 
C. 

Tar  acid 
removed 
by  10% 
NaOH 

Tar  bases 
removed 
by  20% 
H::SO.i 

Neutral 
oil  in 
fraction 

Neutral 

oil 

removed 
by  95% 
H2SO1 

Neutral 

oil 

removed 
by  37  N 
HeSO, 

Saturated 

hydro- 

carbons 

(Naph- 

thene 

and 

paraflin) 
in  frac- 
tion 

.6982 

0.0 

0.3 

99.7 

24.2 

.39.6 

60.2 

To  175  --  --  - - - - 

15.44 

.7753 

4.8 

0.5 

94.7 

29.0 

44.0 

32.5 

17.5  to  225  — - - - 

13.4.3 

.8730 

21.8 

2.8 

75.4 

30.0 

.52.0 

38.1 

225  to  275  

13.80 

.91.37 

15.0 

5.5 

79.5 

37.0 

61.0 

31.0 

Low  temporal m-(‘  tar  from  Tests  93-1  and  9:’>-2. 
Bituminon.s  coal,  Hrookville. 

Specific  j^ravity  of  deliydrated  tar,  1,0100 

Sulpluir  .■>!  ])or  cent. 

Nitrog’en  73,  ]ier  cent. 


Temperature 
Degrees  O. 


Per  cent 
by  volume 
distilled 


Sum 
per  cent 


Per  pent 
cut 


Sp.  gr. 
cut 


To  50  - 

50  to  7'5 
75  to  100 
100  to  125 
125  to  150 
150  to  175 
175  to  200 
350  to  275 
225  to  2'50 
250  to  275 


none 

1.53 

2.07 


none] 

1.53 

3.60 


1.40 
3.50 
3.77 
8.  S3 
6.90 
8.43 
6.90 


5.00 

8.50 

12.27 

21.10) 

48.96! 

42.06) 

48.96! 


12.27  .8-317 

21.36  . 9599 

15.33  .9864 


Distillation  record. 

Air  (list  i I lilt  ion,  baroiiKder  29.2.5S  in.,  first 
droj)  .‘)2°  C. 


Vacuum  distillation  at  44  millimeters 


To  200  

.3.00 

3.001 

200  to  225  

6.67 

9.67 

226  to  2,50 

6.00 

16.67 

31.67 

250  to  275  

7.67 

23.34 

275  to  300  

8.33 

31.67 

Residuum  by  differ- 

19.37 

ence 

Carbon  residue  ot  residuum  (Conradson  method)  22.8  percent. 


Composition  of  air  distillation  fractions  from  low-temperature  tars  93-1  and  93-2,  in  per  cent  by  volume. 


Fraction  Degroos 


Light  oil  from  charcoal 

To  175  

175  to  225  

225  to  275  


Crude 

oil 

Sp.  gr. 
fraction 
at 

15.56° 

C. 

Tar  acid 
removed 
by  10% 
NaOH 

'i’ar  bases 
removed 
by  20% 
HlSOi 

Neutral 
oil  in 
fraction 

Neutral 

oil 

removed 
by  95% 

Neutral 

oil 

removed 
by  37  N 
HfSOi 

Saturated 

hydro- 

carbons 

(Naph- 

thene 

and 

paraffin) 
in  frac- 
tion 

.7199 

.2 

.8 

99.0 

29.8 

50.8 

48.7 

12.27 

.S317 

1.3.3 

1.6 

85.2 

.39.0 

59.0 

34.9 

21.36 

.9599 

51.8 

2.0 

46.2 

47.0 

65.0 

16.2 

15.33 

.9864 

37.0 

3.. 5 

59.5 

56.0 

77.6 

13.3 

Oil  from  Test  102-2,  Cannel  shale.  Lower  Freeport. 

Specific  gravity  of  dehydrated  oil,  .8790 


Snlphnr  33  per  cent. . . 

Nitrogen  48  per  cent. 


Distillation  record. 

Air  distillation,  barometer  29.310  in.,  first 
drop  51°  C. 


Temperature 
Degrees  0. 

Per  cent 
by  volume 
distilled 

Sum 
per  cent 

Per  cent 
cut 

Sp.  gr. 
cut 

To  50  

none 

none 

50  to  75  

.9 

.9 

76  to  100  

1.1 

2.0 

■ 

13.8 

.7524 

lOO  to  125  

3.4 

5.4 

125  to  150  

4.0 

9.4 

150  to  176  

4.4 

13.8 

175  to  200  

5.2 

19.0 

11.3 

.8106 

200  to  225  

6.1 

25.1 

225  to  250  

6.8 

31.9 

14.8 

.8414 

250  to  275  

8.0 

39.9 

Vaeuum 

distillation 

at  46  millimeter; 

To  200  

4.7 

4.7 

200  to  2Z5  

5.7 

10.4 

225  to  250  

8.3 

18.7 

.37.1 

.8960 

250  to  275  

8.7 

27.4 

275  to  300  

9.7 

.37.1 

Re  iduum  by  differ- 

23.0 

.95(50 

enee 


Carbon  residue  of  residuum  (Conradson  method)  4.3  oer  eent. 


DISTILLATION  TESTS 

Composition  of  air  distillation  fractions  from  Oil  102-2,  in  per  cent  by  volume. 


1(15 


Fraction,  Degrees  C. 

Crude 

oil 

Sp.  gr. 
fraction 
at 

15.56° 

0. 

Tar  acid 
removed 
by  10% 
XaOH 

’J'ar  bases 
removed 
by  20% 

in.so. 

Neutral 
oil  in 
fraction 

Neutral 

oil 

remove*! 
by  95% 

Neutral 

oil 

removed 
by  :S7  N 
H-so, 

Saturateel 

hydro 

curbon.s 

(Naph- 

thene 

and 

parallinj 
in  frac- 
tion 

Light  oil 
To  175 
175  to  22S 
225  to  275 

.68»7 

.6 

.3 

99.1 

24.0 

40.8 

58.7 

13. S 

.7624 

1.5 

.5 

98.0 

24.0 

43.5 

•>5.4 

11.3 

.8105 

5.5 

1.0 

93.5 

24.0 

46.0 

50.5 

14.8 

.8414 

3.8 

1.8 

94.4 

27.0 

50.0 

47.-2 

Low-temperature  tar  from  Tests  105-1  and  105-2 
Bituminous  coal.  Upper  Freeport. 

Specific  "r.nvity  of  delijclrated  tar,  1,007- 

Sulj)luir  47  per  cent. 

Nitrogen  72  per  cent. 


Distillation  record. 

Air  distillation,  barometer  29,150  in.,  first 
drop  45°  G. 


Temperature  Per  cent  Sum  Per  cent  Sp.  gr. 

Degrees  C.  by  volume  per  cent  cut  cut 

distilled 


To  50  trace  . trace] 

50  to  T.)  .SO  .80 

75  to  100  1.47  2.27  - 11.40  .8233 

100  to  125  2.33  4. GO 

125  to  150  2.73  7.33 

150  to  175  - 4.07  11.40. 

175  to  200  8.33  19.73)  13. 6G  .9357 

200  to  225  10.33  30.06 

225  to  250  6.00  ,36.06,  13.67  . 9.59-2 

250  to  275  - 7.67  43.73! 


Vacuum  distillation  at  .i2  millimoter.’ 


To  200  4.00  4.00 

200  to  225  5.67  9.67 

225  to  2.50  - 6.33  16.00  31.33  1.0129 

250  to  275  ! 7.33  23.33 

275  to  300  8.00  > 31.33 


Residuum  by  differ-  ' 24.04  1.1-272 

ence . 


Carbon  re.'idue  of  residuum  (Conrad  on  method)  18.5  percent. 


Composition  of  air  distillation  fractions  from  low-temperature  tars  105-1  and  105-2,  in  per  cent  by  volume. 


Fraction,  Degrees  C. 

Crude 

oil 

Sp.  gr. 
fraction 
at 

15.50* 

0. 

Lilght  oil 
To  1751  . 

from  charcoal  

.7283 

11.40 

.8233 

175  to  225 

18.66 

.9357 

225  to  275 

13.67 

.9592 

Tar  acid 
removed 
by  10% 
NaOH 

Tar  bases 
; removed 
, by  20% 

' TI--SOi 

Neutral 
oil  in 
fraction 

Neutral 

oil 

removcfl 
by  0570 
HeS'l, 

Neutral 

oil 

removed 
by  37  N 
ir-so, 

Saturated 

hydro- 

carbons 

(Naph- 

thene 

and 

paratlin) 
In  frac- 
tion 

.8 

1.0 

D8.2 

2.5.0 

43.4 

55.6 

12.5 

1.0 

86.5 

33.0 

49.0 

44.1 

45.3 

1.5 

53.2 

37.6 

58. 0 

22.3 

28.3 

1 3.3 

68.4 

.51.0 

67.0 

22.6 

Low-temperature  tar  from  Tests  106-2,  106-3,  and 
106-4.  Bone,  Upper  FreeporC 

Specific  gravity  of  dehydrated  tar,  1.0062 

Sulphur  40  per  cent. 

Nitrogen  79  per  cent. 

Distillation  record. 

Air  distillation,-  barometer  29.144  in.,  first 
drop  45°  C. 


Temperature 
Degrees  C. 

Per  cent 
by  volume 
distilled 

Sum 
per  cent 

Per  cent  8p.  gr. 
cut  cut 

To  50  

trace 

trace! 

.50  to  75  

.67 

.67 

75  to  100  ..  

2.60 

3.27 

12.50  .3187 

100  to  125  . - . 

2., 33 

5.60 

123  to  150  . 

2.07 

7.67 

1.50  to  17.5  . 

4.83 

12. ;V) 

17.5  to  200  

10.27 

22.77 

19.60  . 9357 

200  to  225  

0.33 

,32.10 

225  to  2.50  

7.87 

39.97 

17.60  , 9655 

250  to  27.5  , 

9.73 

49.70 

Vacuum  distillation 

at  45  inilliinfiter.'^ 

To  200  

3.67 

.3.67 

200  to  22,5  _ 

.3.67 

7.34 

22,5  to  250  ^ 

7.33 

14.67 

.31.34  1.0381 

250  to  2751  

7.00 

21.67 

275  to  300  

9.67 

31.. ‘U 

Residuum  by  differ- 

18.06  1.1414 

Carbon  residue  of  residuum  (Conradson  method)  19.5  per  cent. 
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Composition  of  air  distillation  fractions  from  low-temperature  tars  106-2,  106-3  and  106-4,  in  per  cent  by  volume. 


fraction.  Degrees  C. 

Crude 

oil 

Sp.  gr. 

fraction 

at 

15.66° 

C. 

Tar  acid 
removed 
by  10% 
NaOH 

Tar  bases 
removed 
by  204o 
H;:S04 

Neutral 
oil  in 
fraction 

Neutral 

oil 

removed 
by  95% 
H2SU4 

Neutral 

oil 

removed 
by  37  N 
HjSO. 

Saturated 

hydro- 

carbons 

tNaph- 

tlioue 

and 

paratlin) 
in  frac- 
tion 

.7324 

.8 

1.0 

98.2 

26.4: 

44.4 

54.6 

'TrT  17.5 

12.50 

.8187 

11.7 

.7 

87.6 

31.0 

49.0 

44.7 

175  to  225  

19.60 

.9357 

43.1 

1.0 

37.0 

59.0 

22.9 

220  to  250  

17.60 

.9655 

26.5 

.3.1 

70.4 

57.0 

71.0 

20.4 

Composition  of  air  distillation  fractions  from  oil  107-1,  in  per  cent  by  volume. 


ITaclion,  Degrees  G. 

Crude 

oil 

Sp.  gr. 

fraction 

at 

15.66° 

C. 

Tar  acid 
removed 
by  10% 
NaOH 

Tar  bases 
removed 
by  20% 
H2SO1 

Neutral 
oil  in 
fraction 

Neutral 

oil 

removed 
by  95% 
H2SO4 

Neutral 

oil 

removed 
by  37  N 
HiSOi 

Saturated 

hydro- 

carbons 

(Naph- 

thene 

and 

paraffin) 

in  frac- 
tion 

Light  oil  from  charcoal  

.7056 

.2 

.3 

99.6 

23.0 

37.0 

62.7 

To  175  

18.20 

.7726 

7.3 

1.0 

91.7 

26.6 

40.0 

56.0 

175  to  225  

11.87 

.8472 

16.2 

1.6 

82.2 

23.0 

40.0 

49.3 

22.5  to  275  

20.14 

.8706 

8.9 

2.8 

88.3 

24.0 

44.0 

49.4 

Oil  from  Test  107-1,  Cannel  shale,  Upper  Freeport. 


Oil  from  Test  115-2,  Oil  Shale,  Green  River  Eocene. 


Specific  gravity  of  dehydrated  oil,  .8975 

Sulphur  55  per  cent. 

Nitrogen  02  per  cent. 


Specific  gravity  of  dehydrated  oil,  .8864 

Sulphur  60  per  cent. 

Nitrogen  1.86  per  cent. 


Distillation  record. 


Distillation  record. 


Air  distillation,  barometer  29.120  in.,  first 
drop  45°  C. 


Air  distillation,  baronieter  29.098  in.,  first 
drop  45°  C. 


Temperature 
Degrees  C . 

Per  cent 
by  volume 
distilled 

Sum 
per  cent 

Per  cent 
cut 

Sp.  IT. 

cut 

To  50  

.27 

.271 

50  to  75  

1.13 

1.40 

75  to  100  

2.20 

3.60 

18.20 

.7725 

100  to  125  

2.80 

6.40 

125  to  160  

4.93 

11.33 

150  to  175  

6.87 

18.20 

175  to  200  

4.80 

23.00 

30.07 

11.87 

.8472 

200  to  225  

7.07 

8.07 

38.14 

.50.21 

20.14 

.8706 

260  to  275  

12.07 

Vacuum  distillation  at  48  millimeters 


To  200  

1.33 

1.331 

200  to  225  

4.33 

5.60 

225  to  250  

10.33 

15.99 

33.32 

250  to  576  

8.33 

24.32 

275  to  300  

9.00 

33.32 

Residuum  by  differ- 

16.47 

enc© 

Temperature 
Degrees  O. 

Per  cent 
by  volume 
distilled 

Sum 
per  cent 

Per  cent 
cut 

Sp.  gr. 

cut 

To  50  

trace 

trace 

50  to  75  

.90 

.90 

75  to  100  

.70 

1.60 

16.50 

.7649 

100  to  125.  

3.40 

5.00 

125  to  150  

4.53 

9.53 

160  to  176  

6.97 

16.50 

175  to  200  

5.00 

21.50 

10.99 

.8246 

200  to  22.1  

6.80 

27.30 

2251  to  250  

9.40 

36.70 

18.67 

.8646 

250  to  275  

9.27 

46.97 

Vacuum 

distillation 

at  49  millimeters 

To  200  

2.00 

8.001 

200  to  22®  

6.67 

8.67 

225  to  250  

8.33 

17.00 

36.20 

.9106 

250  to  275  - — 

10.00 

27.00 

276  to  300  

9.20 

36.20 

Re  Iduum  by  differ- 

17.83 

.9500 

Carbon  residue  of  residuum  (Conradson  method)  7.6  per  cent. 


Carbon  residue  of  residuum  (Conradson  method)  5.4  per  cent. 
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Compposirion  of 

air  distillation 

fractions 

from  OU 

115-2,  in 

per  cent 

by  volume. 

Irat'tion,  I)egri't‘S  G. 

Crude 

oil 

■Sp.  gr. 

fraction 

at 

15.56° 

0. 

Tar  acid 
removed 
by  10% 
Na(,)H 

Tar  ba.sefi 
removed 
bv  20% 
ll.S(n 

Xeutral 
oil  in 
fraction 

Neutral 

oil 

removed 
Ijy  95% 
11. '8:1, 

N'-utrul 

oil 

ivmovcid 
})V  37  N 
H -Hi 

Salui  ated 
hydro 
ear!)oii> 
(Naj.h- 
thelie 
ad 

l iira-  .:i 
in  frac- 
tion 

Light  oil 

from  charcoal  _ 

.6910 

.7649 

.8146 

.8645 

0.0 

8 

90.2 

30.4 

47.  G 

To  175 

16.. 50 
10.80 
18.67 

0.5 

4.0 

1.8 

3.S 
10  3 

05.7 

80.7 

32  0 

49.0 

48.8 

176  to  225 

30.0 

40.3 

22.5  to  275 

12.5 

85.7 

42.5 

57.0 

Sf>.9 

Composition  of 

air  distillation  fractions 

from  Oil 

122-1,  in 

per  cent 

by  volume. 

Fraction,  Degrees  0. 

Crude 

oil 

8p.  KT. 

fraction 

at 

15.56'* 

C. 

Tar  acid 
removed 
by  10% 
.NaOH 

I'ar  bases 
removed 
by  20% 

H'jSOi 

Neutral 
oil  in 
fraction 

Neutral 

oil 

removed 
by  95% 
HeSO, 

Neutral 

oil 

removed 
by  37  N 
H^SOi 

Saturated 

hydro- 

carbons 

iNaph- 

thene 

and 

paraflinl 
In  frac- 
tion 

Light  oil 
To  175 

Iroiii  charcoal  - _ 

.7178 

.3 

1.0 

98.7 

^2 . 0 

5*2.0 

47.1 

13.00 

.7862 

3.5 

1.5 

9.7.0 

34.6 

■x.o 

41  .8 

175  to  226 

12.86 

.8167 

8.5 

2.8 

s8.7 

.35.0 

.5-1.4 

40. -1 

225  to  275 

IS.  40 

.8675 

7.6 

2.5 

90.0 

41.6 

58.6 

37.3 

Oil  from  Test  122-1,  Oil  Shale,  Miocene. 

Sjiecilic  gravity  of  dehydrated  oil,  .8s93 

Sulphur  99  per  cent. 

Nitrogen  65  per  ceut. 

Distillation  record. 

Air  distillation,  haronieter  29.300  in.,  lirst 
drop  60°  C. 


Temperature 
Degrees  C. 

Per  cent 
by  volume 
distilled 

Sum 
per  cent 

Per  cent 
cut 

Sp.  ST. 
cut 

To  .50  

none 

none 

•50  to  75  . . 

.47 

.47 

7o  to  160  

2.33 

2.80 

13.00 

.7892 

mo  to  12.5  

2.60 

.5.40 

12.5  to  150  

3.40 

8.80 

150  to  1T5  

4.20 

13.00 

175  to  200  

5.73 

18.73 

12.86 

..8467 

200  to  225  

7.13 

25.86 

225  to  250  

6.67 

.32.53?  13.40 

.8675 

250  to  275  

6.73 

39.2tii 

\'acuum  (listillalion  nt  42  ini 

liiiietffrs 

To  20(1  _ _ _ - 

5.00 

5.001 

200  to  225  

7.00 

12.00 

225  to  250  

7.07 

19.67 

36.37 

.8966 

250  to  275  

7.67 

27.34 

275  to  .300  

9. .33 

36.67 

Residuum  by  differ- 

24.07 

.94,53 

ence 

Carbnr,  re  idue  of  residuum  {Oonrad.son  methods  7.1  per  cent. 


Study  of  the  composition  of  the  oils  and  low- 
temperature  tars  prepared  in  tlie  350  c.  c.  retort 
hrought  out  some  interesting  resiunhlances  and 
differences.  The  low-temperature  tars  from  bi- 
tuminous coals  almost  im  ariably  liad  higiu'r  spe- 
cific gravities  than  the  oils  obtained  from  any 
cannel  coals  and  shales  or  oil  shales  when  the 
same  conditions  of  carbonization  were  main- 
tained. This  also  held  true  for  the  corresponding 
fractions,  the  difference  being  least  in  the  case 
of  the  light  oils  recovered  from  the  activated 
charcoal.  Although  all  the  oils  examined  con- 
tained tar  acids  or  phenols,  in  at  least  small 
quantities  these  compounds  were  particularly 
characteristic  of  the  low-tem]>erature  tars  ob- 
tained from  bituminous  coal.  The  middle  frac- 
tion. that  from  175  to  225°  T.  contained  the  larg- 
est quantities.  These  quantities  exceeded  50  per 
cent  by  volume  in  the  case  of  some  of  the  low 
temperature  tars.  The  tar  or  nitrogen  bases,  with 
the  exception  of  the  Colorado  shale  oil,  were  found 
to  be  of  only  minor  importance  as  far  as  v'olume 
was  concerned.  The  fraction  from  225  to  275°  C. 
contained  the  greatest  quantity.  The  oil  obtained 
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from  the  Green  Kiver  oil  shale  of  Colorado  dif- 
fered from  the  others  examined  in  the  phenomen- 
ally low  content  of  phenols  and  high  percentage 
of  nitrogen  bases  that  were  present.  The  lighter 
fractions  were  always  found  to  contain  the  high- 
est percentage  of  saturated  hydrocarbons,  the  dif- 
ference being  most  pronounced  in  the  case  of  the 
fractions  derived  from  the  low-temperature  tars 
from  bituminous  coal. 

Tlie  present  investigation  was  undertaken  pri- 
marily for  the  jmrpose  of  determining  the  pos- 
sibilities of  obtaining  substitutes  for  petroleum 
]»rodiu‘ts  Ihrough  the  development  of  a low-tem- 
perature carbonization  industry  in  Pennsylvania. 
It  has  been  shown  that  bituminous  coals  are  the 
only  raw  materials  present  in  the  State  in  suffi- 
ciently large  quantities  to  support  an  extensive 
industry  of  this  character.  As  has  been  pointed 
out  in  a previoiis  chapter,  motor  fuels,  fuel  oils, 
lubricants,  and  illuminating  oils  are  petroleum 
products  that  are  in  greatest  demand.  The 
low-temperature  tars  derived  from  Pennsylvania 
bituminous  coals  are  so  different  in  composition 
from  crude  petroleum  that  the  ordinary  methods 
of  petroleum  refining  are  not  applicable  and  a 
new  technology  ^vill  have  to  be  developed.  One 
of  the  problems  will  be  the  disposal  of  the  large 
quantities  of  phenols  and  unsaturated  hydrocar- 
bons that  are  present.  It  is  not  definitely  known 
to  what  extent  unsaturated  hydrocarbons  have 
to  be  removed  from  the  low-temperature  fractions 
in  order  to  produce  satisfactory  motor  fuels.  The 
possibilities  of  producing  more  stable  compounds 
from  them  through  such  processes  as  oxidation  or 
hydrogenation  require  further  investigation.  Sat- 
isfactory motor  fuels,  illuminating  oils,  and  lu- 
bricants have  been  prepared  from  low-tempera- 
ture tars  on  a laboratory  scale.  It  remains  to  dis- 
cover or  invent  processes  by  which  the  percentage 


yield  of  these  can  be  increased  and  to  devise 
means  by  which  this  can  be  done  on  a commercial 
scale  so  that  the  cost  of  production  will  be  suffi- 
ciently low  to  enable  competition  with  similar 
products  derived  from  other  sources. 

Some  of  the  fields  now  occupied  by  products 
obtained  from  high-temperature  coal  tars  from  the 
by-products  coke  and  coal  gas  industry  can  also 
be  satisfactorily  served  by  similar  products  from 
low-temperature  tars,  as  has  been  pointed  out  in 
a previous  chapter ; but  in  this  case  there  is  great 
danger  of  developing  an  over-supi)ly.  Even  at 
the  present  time  large  quantities  of  ordinary  coal 
tars,  that  could  be  used  for  these  purposes  if  the 
demand  were  sufficiently  great,  are  being  burned 
in  the  crude  state  as  a substitute  for  fuel  oil  in 
the  steel  industry. 

CHAPTER  IX. 

AMMONIA-YIELD  TESTS. 

For  purpose  of  comparison,  determinations  of 
ammonia  yield  from  a number  of  typical  coal  and 
shale  samples  were  made  by  the  method  developed 
and  used  in  Scotland  in  connection  with  the  ex- 
amination of  oil-shales.^  This  method  consisted 
in  heating  .30  grams  of  coal  or  shale,  crushed  to 
f-mesh  size,  in  an  iron  pipe  to  bright  redness  for 
]yo  hours  in  the  presence  of  a current  of  steam, 
and  leading  the  gases  into  a flask  containing  an 
excess  of  dilute  sulphuric  acid.  The  ammonia 
fixed  as  ammonium!  sulphate  in  this  solution,  was 
afterwards  determined  in  a manner  similar  to 
that  used  for  the  analysis  of  the  ammoniacal 
liquor  and  sulphuric  acid  wash  water  from  the 
carbonization  tests. 

The  apparatus  consisted  of  a piece  of  %-inch 
iron  pipe,  28  inches  long,  set  in  a horizontal 
position  in  a furnace  heated  by  four  Xo.  3 Meker 
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burners,  as  shown  in  figure  16.  Both  ends  of  the 


pipe  were  close<l  with  corks  and  were  cooled  by 
means  of  cloth  wrapped  armnid  them  which  was 
kept  moist  throughout  tlie  experiment  to  ])rev(Uit 
excessive  charring.  Steam  was  introduced  into 
the  apparatus  througli  a brass  tube  passing 
through  the  cork  at  one  end.  This  end  of  the  pi].'e 
was  filled  with  pieces  of  previously-ignited  fire- 
brick of  about  ^4  inch  diameter.  The  30  grams 
of  coal  or  shale  to  be  tc'sted.  crushed  to  pass  a 
-1  mesh  screen,  were  placed  in  the  middle  portion  of 
the  pipe.  A glass  tube  passing  through  the  cork 
.at  the  opjiosite  'U’d  serv<‘ 1 as  an  ;)utlet  a-  tie* 
vapors  and  gas  generated.  The  other  end  of  this 
tub<“  was  immersed  in  100  c.  c.  of  2 X sul]diuric 
acid  contained  in  a 1 litei-  Erlenm.eyer  flask. 
This  flask  was  placed  in  a large  b(>aher  filled  with 
waver.  From  it  the  uncondensed  vapors  and  gases 
were  h‘d  into  a smaller  empty  flask  which  served 
as  a trap  for  receiving  any  litpiid  that  might  be 
carried  over.  The  permanent  gases  then  escaped 
into  the  atmosphere  through  a thistle  tube,  the 
cup  of  which  was  filled  with  glass  wool  moistened 
with  sulphuric  acid. 

In  ordei'  to  determine  how  ra])idly  and  to  what 
temperatures  the  charge  was  heated  a prelimin- 
arv  heating  of  the  apparatus  was  carried  out  with 
a base-metal  thennocouple  introdumd  into  the 
middle  of  the  iron  pipe,  instead  of  the  coal  or 
shale  charge,  with  all  other  conditions  the  same 


as  during  a regubir  test.  The  temperatures  re- 
corded were  as  follows: — 

At  the  end  of  b minutes,  !h)U  F.  i t>i’  i '.  i 
?5team  introduced  at  the  end  of  5 minutes  and 
continued  to  end  of  test. 

At  the  end  of  10  minutes.  1360  F.  tOSll^  C. j 

” “ ••  - 15  1370°  F.  (713°  C.i 

••  •>  20  ••  1400°  F.  1 760°  C.  i 

“ “ ••  ••  90  1535°  F.  o835°  C.  i 

Throughout  the  tests  as  uniform  a flow  of 

steam  as  possible  was  maintained  at  a rate  such 
that  at  the  end  of  l^k  hours,  the  duration  of  tin- 
test,  between  500  and  600  c.  c.  of  li(|uid  woia* 
present  in  the  1-liter  flask. 

At  the  end  of  the  test,  the  thistle  tube  and 
small  flask  were  carefully  rinsed  and  the  water 
added  to  the  solution  in  the  larg(»  flask,  whicli 
was  then  filtered  through  a Buchner  funnel  and 
placed  in  an  SOO  c,  c.  Kjeldahl  flask.  It  was 
made  alkaline  by  the  addition  of  concentrated 
sodium  hydroxide  solution.  The  ammonia  was 
distilled  ofl’  and  collected  in  lOO  c.  c.  of  X 5 sul- 
phuric acid  solution.  The  excess  acid  was  then 
titrated  with  X/5  sodium  hy<lroxide  solution  and 
the  amount  of  ammonia  recovered  froin  the  30 
grams  of  sample  was  calculated.  It  was  fotii'd 
that  very  small  quantities  of  pyridine  compottnds 
were  also  present.  The  ammonia-yiebl  obttained 
as  above  was  corrected  for  these  by  treating  the 
neutralized  solution  with  100  c.  c.  of  sodium  Iiy- 
pobromite  solution.  ]U’epared  as  (b'seribefl  in 
Chapter  VT.  and  distilling  off  the  ]iyi'idine  into 
25  c.  c.  of  X/5  sulphuric  acid  solution  wliicli  w.-is 
then  titrated  with  sodium  hydroxide. 

Tin*  table  which  follows  shows  tin*  yields  in 
tiounds  per  ton.  com]tuted  both  as  ammonia  and 
ammonium  sulphate,  and  the  percentage  of  the 
total  nitrogen  in  the  original  sauipb*  convert ed 
into  ammonia.  The  percentage  of  the  total  ni- 
trogen recovered  as  ammonia  when  the  same 
samples  were  carbonized  in  the  350n-c.  c.  retort 
at  t'^mp'.  ratures  of  900°  and  1400°  F.,  respective- 
ly, are  also  includ(‘d.  as  well  as  tin*  I'.ercentage  of 
total  nitrogen  pre-eut  in  the  oi-iginal  sam]fle. 
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Yield  of  ammonia  and  nitrogen. 


No. 

Of 

sam- 

ple 

Oliaraeter  of  sample 

Total 

Nitrogen 

Per  cent 

Yield  of 
ammonia 

Pounds  p r 
ion 

Yield  com- 
puted as  pure 
ammonium 
sulphate 

Pounds  per 
ton 

Total  nitrogen 
recovered  as 
ammonia 

Per  cent 

Total  nitrogen 
recovered  as 
ammonia  in 
S50()-ee.  retort 
To  900°  F. 
(without 
steam) 

Per  cent 

Total  nitrogen 
recovereil  as 
ammonia  in 
3'500-cc.  retort 
To  1400°  F. 
(without 
steam) 

Per  cent 

33. 

CmiiL'l  iciil,  cijpiT  Kittaiuiing:  -- 

1.01 

7.4fi 

28.96 

30 

9 

IS 

44. 

Ijituiniiious  coal,  L pptT  Freeport  

1.5b 

b..53 

33.28 

22 

15 

93. 

Bituminous  coal,  lirookville  --  - 

1.34 

(1.10 

23.66 

19 

4 

18 

93. 

(Duplicate  ol  al)Ovej  _ - --- 

1.34 

7.10 

27.54 

22 

4 

13 

iJituminoua  coal,  Bittsburgli  .. 

1.2b 

10.24 

39.72 

33 

13 

23 

LtcS. 

(Duiilicate  of  above;  - 

9.53 

36.97 

31 

13 

Oj 

V6. 

liitum.iious  coal,  Pittsburgh,  iMtliout  the  use  of 

1.28 

4.87 

18.89 

16 

l;J 

23 

steam) 

11)2. 

Cannel  shale.  Lower  Freeport  __ . 

.70 

7.83 

30.. 37 

42 

9 

11 

hij. 

Bituminous  coal,  Upper  Freeport  _ - . 

1.53 

12.25 

47.52 

31 

15 

14 

lUti. 

Bone,  1 pper  Freeport  

I.  Ob 

10.36 

40.19 

39 



23 

lur. 

Cannel  .sliale.  Upper  Freeport 

1.19 

10.10 

39.18 

35 



14 

iU7. 

(Duplicate  of  above;  

1.19 

9.1.0 

35.49 

32 



u 

KI7. 

Duplicate  (without  the  use  of  steam)  — 

i.l9 

2.4S 

9.02 

9 



14 

no. 

Uil  shale,  Chattanooga  - 

.74 

10.48 

40.64 

58 

9 

17 

no. 

(Duplicate  of  above)  - — --  

.74 

9.68 

37.55 

54 

9 

1? 

11.3. 

Uil  shale.  Green  River  Kocene  -- 

.09 

8.34 

32.56 

.50 

9 

11 

115. 

(Duplicate  of  above)  

• 6» 

7. 82 

.30.33 

47 

9 

11 

115. 

(Duplicate  of  above  with  silica  tube  substitute  for 

7.79 

30.22 

40 

9 

11 

iron  pipe 

115. 

Duplicate,  (iron,  pipe  without  the  use  of  steam) 

.09 

1.4.3 

5.55 

9 

9 

11 

122. 

Oil  shale,  Miocene  - - --  

.49 

7.63 

29.60 

64 

— 

20 

Spent  material  or  residue  from  Test  105-3  1 

biLumiiious  eoal.  L p,ptr  Freeport,  carbonized  1 

1.06 

5.75 

22.30 

14 

— 

— 

to  DOO"  F.  I 

Spent  material  or  residue  from  Test  105-1, -1 

Bituminous  coal,  Upper  Freeport,  carbonized  \ 

1.96 

1.03 

4.00 

3 

— 

— 

to  1400*  S’.  I 


Tile  foi-egoiiig  experiments  brought  out  the 
facts  that  the  percentage  of  the  total  nitrogen 
til  at  can  be  recovered  in  the  form  of  ammonia 
from  coals  or  sliales  nnd(*r  the  same  conditions 
of  carbonization  varies  greatly  with  the  character 
of  the  material  ami  also  that  steaming  the  charge 
considerably  increases  the  yield,  but  that  this  in- 
crease is  much  more  pronounced  in  some  materi- 
als than  others.  For  examjde,  the  yield  of  total 
nitrogen  from  I’ittsburgh  coal  was  only  doubled 
when  steam  was  emjiloyed,  all  other  conditions 
being  the  same;  that  of  the  cannel  shale  from 
the  Upper  Freejiort  horizon  was  increased  nearly 
four  times;  and  that  of  the  oil  shale  from  the 
Green  River  Eocene  over  five  times.  The  yields 
from  the  iron  tube  with  the  use  of  steam  were  in 
almost  every  instance  considerably  greater  than 
those  obtained  from  the  g.bOO  c.  c.  retort  bv  dry 
carbonization,  even  up  to  temperatures  of  1400° 
F. ; but  here  again  the  contrast  was  greatest  in 
th('  case  of  the  cannel  and  oil-shales  and  least  in 
th(‘  case  of  the  bituminous  coals.  It  was  also 
found  that  when  TTpper  Freeport  coal  was  car- 
bonized to  only  000°  F.,  considerable  quantities  of 


ammonia  could  still  be  lau'overed  by  further  heat- 
ing the  residual  coke  in  the  presence  of  steam, 
although  when  the  tem{)erature  had  been  raised 
to  1400°  F.,  very  little  niore  ammonia  could  be 
old  aim'd  fi'oin  tlie  residue  by  this  metliod. 

CHAPTER  X. 

COMPARATIVE  YIELDS  OF  OIL  AND  TAR 
FROM  COALS  AND  SHALES,  AND  THE  DIS- 
TRIBUTION OF  THE  NITROGEN  AND  SUL- 
PHUR AMONG  THE  PRODUCTS  OF  CARBON- 
IZATION. 

In  order  to  compare  and  contrast  the  different 
types  of  vegetable  debris  constituting  the  organic 
matter  of  the  various  coal  and  shale  samples 
tested  in  the  d.jOO  c.  c.  retort,  the  yields  per 
ton  on  a moisture  and  ash-free  basis  were  calcu- 
lated. This  was  done  by  dividing  the  yields  of 
the  carltonization  tests  carried  to  1400°  F.  by  the 
sum  of  the  volatile  matter  and  fixed  carbon  as 
determined  by  the  proximate  analyses.  The  re- 
sults have  been  compiled  in  the  following  table:— 
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YIELD  PER  TON  ON  ASii-  AND  MOISTURE-  FREE  BASIS. 

Yield  per  ton  on  ash-  and  moisture-  iree  basis.  


Volatile 

Average  yield  per  ton  a - shown 
by  carbonization  test-  carried  to 
1400°  F.  in  3500  cc.  retort. 

Yield  per  ton  computed 
and  rnoistnre-iree  basis 

on  ash- 

Ko. 

of 

iam- 

pl« 

Character  or  sampio 

matter 

plus 

lixeel  car 
bon  in 
original 
sample 

Per  cent 

Uil, 

(Ualloiis). 

Uas, 

(Cubic 

feel). 

Fixed  car- 
bon in 
residue 
Pounds 
based  on 
proximate 
analyses) . 

Oil, 

)Gallous) . 

Gas,  l-ixi-d 

(Cubic  carbon 

fi  i-u  . t i ouuds. ) 

71.7!) 

50.1 

6,266 

7U-J 

69.8 

i . 7 

ul' 

44. 

jLn>. 

105. 

lUO. 

UC. 

no. 

115. 

V>2. 

91. 4U 

24.1 

8,749 

1 ,l:i7 

9.5i2 

1 .23-  ■ 

88.05 

24.7 

8,949 

1.071 

•JS.l 

10. 0.  0 

1 .2b' 

90. 07 

29.0 

8,057 

1,0S^ 

32.0 

8.7.8*; 

1 .21,)" 

Caniiel  shale,  Lower  Freeport  --  

.53.07 

90.70 

37.5 

23.8 

4,602 

9,828 

473 

1,100 

70.7 

20.2 

b,).71 

io,5-;6 

■<91 

1.213 

61.20 

15.0 

5,397' 

7 U) 

25.0 

8,81‘.) 

1 ,21  • 

6S.2\) 

38.2 

6,290 

7'.V.i 

51.9 

9,211 

1.101 

32.39 

ifj.G 

6,171 

S.i 

51.3 

19.0-.2 

Oil  shale,  Green  River,  Eocene  . 

Oil  .shale,  Miocene  ^ ----- 

40.1.5 

32.07 

44.7 

24.5 

0 .656 
5 , 395 

10 

119 

113.3 

7(j.4 

1U,:^20 

lU.sCV. 

2:> 
at  4 

The  bituiiiiiious  coals  contain  organic  matter 
yielding  a relatively  small  volume  of  tar  on  low 
temperature  carbonization,  a moderately  large 
(piantity  of  gas,  and  large  quantity  of  fixed  car- 
bon. The  cannel  coals  and  shales,  on  the  other 
hand,  contain  vegetable  debris  yielding  between 
two  and  three  times  as  much  oil,  somewhat  less 
gas.  and  considerably  less  lixed  carbon  than  the 
bituminous  coals;  the  organic  debris  of  the  oil 
shales  of  the  West  yields  still  greater  qiiantifies 
of  oil.  also  larger  volumes  of  gas,  and  very  mncli 
smaller  quantities  of  fixed  carbon. 

The  pages  which  folbtw  show  th(>  (piantities  of 
nirrogen  and  sulphur  in  the  original  charge  ami 
the  distribution  of  these  elements  in  the  various 
pi-oducts  of  carbonization  obtained  from  the  tests 
carried  out  in  the  3.500  c.  c.  retort. 

The  following  is  a list  of  the  test  material  used 
and  the  carbonization  temperature  of  each  test. 


Test 

Canned  coal.  Upper  Kittauuiug  1400°  F. 
35-2  Cannel  coal,  Upper  Kittanning  000°  F. 

44-1  Bituminous  coal.  Upper  Freeport  1400°  F. 
o;M  Bituminous  coal,  Brookville  1400°  F. 

03-2  Bituminous  coal,  Bi’ookville  000°  F. 

OS-1  Bituminous  coal,  Pittsburgh  1400°  F. 

OS-2  Bituminous  coal.  Pittsburgh  000°  F. 

102-1  Cannel  shale.  Lower  Freeport  1400°  F. 
102-2  Cannel  shale,  Lower  Freeport  000°  F. 

105-1  Bituminous  coal,  Upi»er  Freeport  1400°  F. 

105- 2  Bituminous  coal,  Uiqier  Freeport  000°  F. 

106- 2  Bone,  Upper  Freeport  1400°  F. 

106- 1  Bone.  Ui)iier  Freepoid  1400°  F. 

107- 1  Cannel  shale,  Ui>per  Freeport  1400°  F. 

107-2  Cannel  shale.  Tapper  Free])ort  1400°  F. 
110-1  Oil  shale.  Chattanooga  1400°  F. 

110-2  Oil  shale.  Chattanooga  900°  F. 

115-1  Oil  shale.  Oreen  River  Eocene  1400°  F. 
115-3  Oil  shale.  Oreen  River  Eocene  900°  F. 
122-1  Oil  shale.  51  iocene  1 400°  F. 
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Quantity  and  distribution  of  nitrogen  and  sulphur. 


Nitrogen 

Test  35-1 

Grams  Per  Cent 

In  original  (barge  . _ 

In  residue  _ — 

In  oil  

In  tar  

26.3529  

9.0370  34.3 

3.68.34  14.0 

Recovered  as  ammonia  . 
In  gas  by  difference  

3.47G7  13.2 

10.1552  38.5 

Test  35-2 

Grams  Per 

Cent 

26.7318  

18.5567 

GO. 4 

3.6177 

13.5 

2.2975 

8.6 

2.2509 

8.5 

Test  !)S-1 

Nitrogen 


In  original  charge 

In  residue  

In  oil  

In  tar  

Recovered  as  ammonia 
In  ga-s  by  difference  - 


Nitrogen 


Nitrogen 

In  original  charge  

In  residue  

In  oil  

In  tar  

Recovered  as  ammonia  .. 
In  gas  by  difference  


Nitrogen 


In  original  charge  

In  residue  

In  oil  - 

In  tar  

Recovered  as  ammonia 
In  gas  by  difference  


Sulphur 

In  original  charge  .. 

In  residue  

In  oil  

In  tar  

In  ammoniacal  liquor 
In  gas  by  difference 


Sulphur 

In  original  charge  .. 

In  residue  

In  o il  

In  tar  

In  ammoniacal  liquor 
In  gas  by  difference 


In  original  charge  _ 

In  residue  

In  oil  - 

In  tar  _ . 

22.9026  

10.6173  46.4 

1.9408  8.5 

Recovered  as  ammonia  __ 
In  ga  i by  difference  

1.9679  8.6 

8.3766  .36.5 

Test  93-2 


Grams  Per  Cent 


3.5.223;i  

20.S078  59.1 


2.0299 

1.7238 

10.6671 


5.7 

4.9 

30.3 


Test  102-2 


Grams  Per  Cent 


Test  106-4 


Grams  Per  Cent 


Grams 


Per  Gent 


34.8992  

21.9420  62.9 


2.8097 

7.8576 

2.2900 


8.1 

22.5 

6.5 


Test  ;05-l 


Grams  Per  Cent 


43.2135 

22.8688 


52.9 


2.0430 

6.0902 

12.2115 


4.7 

14.1 

28.3 


Test  107-1 


Grams  Per  Cent 


34.1064 

12.5250 


.36.7 


1.6315 

7.5774 

12.3725 


4.8 

22.2 

36.3 


Test  110-2 


Grams  Per  Cent 


32.8381 

15.7628 

2.4484 


48.0 

7.5 


3.7208 

10.9060 


11.3 

33.2 


Test  115-1 


Grams  Per  Cent 


30.51.39 

24.6227 

20.7415 

68.0 

1.9339 

3.3377 

10.9 

10.8165 

2.7451 

9.0  1 

2.69^ 

3.6896 

12.1  ‘ 

9.1761 

7.9 

43.9 


10.9 


Test  115-3 


Grams  Per  Gent 


25.8302 

10.9499 

10.9447 


42.4 

42.4 


2.3348 

1.6008 


9.0 

6.2 


Test  3o'-l 

Test  35-2 

Test  44-1 

Test  93-1 

Grams  Per  Cent 

Grams  Per  Cent 

Gram.s  Per  Cent 

Grams  Per  Gent 

68.7070  

31.6116  53.8 

1.9714  3.4 

59.5508  

24.2524  40.7 

1 1.6182  2.7 

44.6457  

27.9676  62.7 

123.6918  

69.1515  55.9 

1.5632  3.5 

.6384  1.4 

14.4766  32.4 

1.4291  1.2 

.4318  .7 

24.6922  42.1 

.9001  1.5 

32.7801  .55.1 

1.3014  1.1 

.51.8098  41.8 

Test  93-2 

Test  98-1 

Test  98-2 

Test  1021-1 

Grams  Per  Cent 

Grams  Per  Cent 

Grams  Per  Cent 

Grams  Per  Cent 

71.4343 

GR  R7Qft 

46.989S  

96.0.500  73.0 

37.1186  52.0 

39.2987  57.1 

36.0386  76.7 

1.3111  2.8 

- 

9.5156  20.2 

1.5430  1.2 

.6817  .5 

33.2203  26.3 

2. .5727  3.6 
1.6522  2.2 
30.1908  42.2 

3.3974  4.9 
1.0228  1.5 
26.1609  36.5 

Test  44-1 

Test  93-1 

Grams  Per  Cent 

Grams  Per  Cent 

:^.43Ty  

17.3399  40.1 

19.6020  .53.8 

2.1674  5.0 
6.. 5777  15.2 
17.1912  39.7 

2.2008  6.0 

0.0733  18.3 

7.9518  21.9 

Test  98-2 

Test  102-1 

(iliaiiis  1^'r  Cent 

Grains  Per  Cent 

22.G024  

27.3461  81.2 

6.0788  26.9 

1.8437  8.1 

2.7797  8.2 

4.2483  12.6 

noi  e 

2.5251  11.2 

12.1.548  53.8 

Test  105-2 

Te.-t  106-2 

Grams  Per  Cent 

Grams  Per  Cent 

43.9344 

34.6T02  

33.9968  77.4 

14.3434  41.3 



1.8018  4.1 
2.4800  S.6 
5.6558  12.9 

1 1.5920  4.5 
i 8.0361  23.2 
1 10.6987  31.0 

Test  107-2 

Te,=t  110-1 

drams  Per  Cent  , 

Grams  Per  Cent 

33.6294  

29.2966  

15.5329  46.2 

2.2011  6.6 

7.2488  24.7 

2.9566  10.1 

5.8218  17.3 

10.0736  29.9 

5.1610  17.6 

13.9302  47.6 

Test  122-1 


Grams  Per  Cent 


14.31546 

3.9276 

1.7341 


27.4 

12.1 


2. .9518 
5.8411 


19.8 

40.7 
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Quantity  and  distribution  of  nitrogen  and  sulphur  (cont’d.) 


^ Sulphur 

Test  102-2 

Test  105-1 

Test  105-2 

Te-?t  106-2 

Grams  Per  Cent 

Gram?  Per  Cent 

Gram.?  Per  Cent 

Clam?  Per  Cent 

In  original  charge  

In  residue  

47.6133  

36.1440  75.9 

1.3343  2.8 

.0406  .1 

10.0944  21.2 

30.4790  

21.4052  54.2 

40.1376  

23.9616  50.7 

39.1644  

•24.n00  63.1 

In  tar  

In  anunoniaeal  liquor 
In  gas  by  difference  

1.3710  3.4 

.2658  .7 

16.4370  41.7 

1.1384  2.8 

.3910  1.0 

14.6466  36.5 

.6449  1.6 

.0812  .2 

13.7283  35.1 

Sulphur 

Test  106-4 

Test  107-1 

Test  107-2 

Te-t  110-1  1 

Gram.s  Per  Cent 

Grams.  Per  Cent 

Grams  Per  Cent  ' 

L'l'ijn  s Per  Cmu 

In  original  charge  

In  residue  

In  oil  

38.5276  

20..5410  53.3 

.9706  2.5 

.7;/6  2.0 

16.2.3S4  42.2 

51.5S8C  

36.3145  59.0 

2.1T20  3.5 

63.0198  

45.1680  71.6 

1.0593  1.7 

■82.3472  

49.8714  60.5 

4.0937  4.9 

In  ammonlacal  liquor  -- 
In  gas  by  difference  

1.0826  1.8 

21.9678  35.7 

.9946  1.6 

15.7974  25.1 

.62.31  .8 

27.7590  33.8 

Sulphur 

Test  110-2 

Test  U;>1  i 

Test  115-3 

Test  12-M 

Grams  Per  Cent 

Grams  Per  Cent 

Grams  Per  Cent 

Grams  Per  Cent 

In  original  charge  - - 

In  residue  

In  oil  --  

Tti  tar  -- 

^.7688  

.53.0841  61.9 

3.8.575  4.5 

41.7516  I 

27.2898  65.4 

3.1498  7.5  , 

43.7990  

.35.2.532  80.5 

3. .9799  8.9 

144.4-244  . 

74.1880  51.4 

2.641-2  1,? 

In  ammoniacal  liquor  --  .7014  .8 

In  gas  by  difference  28.1-2.5S  32.8 

.I860  .4 

11.1289  26.7 

.1.922  .4 

4.48:37  10.2 

.9722  .7  1 

6#}.<S2.50  46.1  1 
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CHAPTER  XI. 

LOW  TEMPERATURE  CARBONIZATION  OF  SEMI-BITUMINOUS  COAL. 


vSubsequeut  to  the  completion  of  the  foregoing- 
re]  >ort,  a series  of  low  temperature  carbonization 
tests  was  made  upon  a sample  of  semi-bitumin- 
ous coal  from  No.  10  mine  of  the  Quemahoning 
Coal  Company,  half  a mile  west  of  Kockwood, 
Somerset  County.  This  coal  occurs  at  the  U])]>er 
Freeport  liorizon.  At  the  place  where  the  sample 
Avas  taken,  tlie  following  section  was  measured; — 
Section  of  Upper  Freeport  coal  near  Rockwood. 


So))ier.'<et  Coiinijj.  Inches 

Cray  shale  

Carbonaceous  shale  1-1 

Coal  2-1 


Car])Oiiaceoii s sh ale 

(ioal  

Carbonaceous  shale 
Coal  


1 

.S 


J. 

4 


Carbonaceous  shale 


■i 


Coal  

Carbonaceous  shale  . 

Coal  

Carbonaceous  shale. 


5-J 

1 

41 


The  tests  were  made  in  a ooOO  c.  c.  vertical  re- 
tort heated  gradually  to  a 760°  C.  over  an  inter- 


val of  eight  hours.  The  apparatus  and  method 
of  procedure  were  exactly  the  same  as  those  used 
in  the  carbonization  tests  made  upon  bituminous 
coals  from  western  Pennsylvania,  Avhich  are  de- 
scribed in  Chapter  VI. 

The  results  of  these  tests  are  tabulated  below : — 


Proximate  analysis: 


Moisture  4 

I'olatile  matter  20.1 

Fixed  carbon  . . 6b. 6 

Ash 13.0 

Nitrogen  1.02 

Sulphur 1.13 


Carbonization  test: 

(Computed  on  basis  of  2(HX)  lb.  raw  material.) 


Volume  of  low-temperature  tar  _ --  — - 

9.2 

gallons 

Light  oil  recovered’  from  gas  -- 

.6 

gallons 

Ammoniacal  liquor 

6.8 

gallons 

Ammonia  - . — . . 

3.87 

pounds 

Calculated  as  ammonium  sulphate  

15.01 

pounds 

Weight  of  residue.  — _ . _ 

Volume  of  gas,  saturated  with  water,  at  60“ 

1,682 

pounds 

P.  and  30-in.  mercury  ...  .... 

12,935 

cubic  feet 

Distillation  of  low-temperature  tar  from  Upper  Freeport 
semi-bituminous  coal. 

Specific  gravity  of  dehydrated  oil,  1.0664 

Sulphur  32  per  cent 

Nitrogen  46  per  cent 

Air  distillation,  barometer  29.314  in.,  first 


dro])  48°  C. 


Temperature 
Degree’  C. 

Per  cent 
by  volume 
di  ’tilled 

Sum, 
Per  cent 

Per  cent 
cut 

Sp.  gr. 

of  cut 

.Air  distillation  to 

trace 

trace 

50  to  75  - . 

1.27 

1.27 

75  to  100  

2.27 

3.54 

100  to  125  

.47 

4.01 

12.08 

.8661 

12.5  to  150  

2.07 

6.08 

150  to  175  

6.00 

12.08 

175  to  200  

7.07 

19.1.5 

13.74 

.9487 

200  to  225  

6.67  , 

25.82] 

225  to  2-50  

14.93 

40.75) 

20.46 

.9982 

250  to  275  

5.53 

46.28S 

Vacuum  distillation  at 

58  mm. 

To  200  

.G7 

.67 

200  to  225  

2.00 

2.67 

K5  to  2.50  

2.33 

.5.00 

19.66 

1.0771 

2,50  to  275  

7.33 

12.33 

2rr5  to  300  

7.33 

19.66 

Residuum  by  diffarence 

34.06  _ 

34.06 

1.1874 

Carbon  residue  of  re.»iduum  (Conradson  method)  21.2  per  cent. 
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Composition  of  air  distillation  fractions,  in  per  cent  by  volume. 


Fraction,  Degrees  C.  Orude  oil 

Sp.  gr. 
fraction 
at  15. W 
C. 

Tar  acids 
in  frac- 
tion re- 
moved by 
10  per 
cent 
sodium 
hydroxide 
sol. 

Tar  bases 
in  frac- 
tion re- 
moved by 
20  per  cent 
sulphuric 
acid  solu- 
tion 

Neutral 
oil  in 
fraction 

Neutral 
oil  re- 
moved by 
9)  per  cent 
' ulphuric 
acid 

Neutral 
ui:  r. 
movefl  by 
98  per  cent 
sulphuric 
acid 

Saturate-! 
hydro-car- 
bon in 
fraction 

I.iglit  oil 

from  ga*  ...  . 

.76^ 

^ .> 

5 

Q8  n 

0 

To  175 

12.08 

.8561 

.5 

90.5 

-71 . r> 

66.0 

: tl 

175  to  225 

13.74 

.9487 

33.5 

1.8 

f)4.7 

.53.0 

225  to  275 

20.45 

.9982 

15.7 

2.0 

82.5 

IN.O 

79.5 

l-'.'d 

Composition  of  residue  from  carbonization  test. 


Moisture  3 

Volatile  matter  3.1 

Fixed  cai'i)on 79.fi 

Ash 17.0 

Nitrogen 82 

Sulphur  90 


Character  of  residue:  Hard,  porous  coke  witli 
inetallic  luster. 

A comparison  of  these  results  wdth  tliose  ob- 
tained from  the  bituminous  coals  of  the  western 
I 'art  of  the  State  brings  out  the  following  inter- 
esting facts: — 

The  volume  of  low-temperature  tar  ])er  ton 
yielded  by  semi-bituminous  coal  is  considerably 
less  than  that  from  bituminous  coal.  Four  typi- 
cal bituminous  coals  gave  an  average  yield  of 
25.4  gallons  per  ton.  the  max:imum  being  29  gal- 
lons and  the  minimum  23. S gallons.  This  is  2.8 
times  the  quantity  obtained  from  the  semi-bitu- 
minous coal.  The  average  specific  gravity  of  the 
tar  from  the  bituminous  coal  was  1.0190,  which 


is  smiK'wliat  lower  than  llmt  from  liie  scuni-bim- 
minous.  An  average  of  2.1  gallons  of  light  oil 
]ier  ton  was  recovered  from  tin*  bituminous  coal, 
or  four  times  as  much  as  that  obtained  from  the 
.■''cmi-bituiuinotts.  The  at  (*rage  yield  of  jinimouiuiii 
sulphate  per  ton  was  23.05  pottnds  from  bittiinin- 
ous  coal  and  only  15.01  fi-oui  s(*iui-bituminous. 
< hi  tin*  otli(*r  baud,  the  yield  of  cok(*  and  gas  w as 
greater  for  the  seiiii-bittiunuous  lhati  for  tlie  bi- 
luminous  coal. 

The  sttm  of  the  air  distillation  fractions  to  275° 
F.  was  approximately  the  same  for  the  two  types 
of  coal  tars.  The  vacuum  fraction  from  the  res 
idue  to  300°  C.  was  considerably  less  in  the  case 
of  the  semi-bituminous,  and  the  jdteh  residtie 
was  considerably  greater.  The  variotis  fractions 
from  the  semi-bituniinotis  tar  had  somewhat  high- 
er specific  gravity  than  the  corresponding  fi-ac- 
tions  from  the  bituminous.  Also,  the  air  distil 
lation  cuts  from  the  former  had  a considerably 
lower  content  of  tai*  acid  oi'  |iheuolic  compounds. 
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